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EDITORIAL

Estrogen, estrogen receptors, and hepatocellular carcinoma:
are we there yet?
Olga A Sukocheva
in hepatocellular carcinoma (HCC) was suggested a
few decades ago according to clinical data showing
higher HCC morbidity and mortality among males.
Several recent studies further confirmed the anti-cancer
effects of estrogen in the liver. However, it remains to
be identified how to exploit estrogen signalling within
clinical settings for HCC treatment. There are several
unresolved issues related to the estrogen pathway in liver
cells. The main problems include the absence of a clear
understanding of which estrogen receptor (ER) isoform
is predominantly expressed in normal and malignant
liver cells, the ER isoform expression difference between
males and females, and which ER isoform should be
targeted when designing HCC therapy. Some of those
questions were recently addressed by Iyer and coauthors. The current editorial review critically analyses
the study by Iyer et al (WJG , 2017) that investigated the
expression of ER subtypes in liver samples collected from
patients with a healthy liver, hepatitis C virus cirrhosis,
and HCC. ER presence was evaluated in association with
gender, intracellular localization, inflammation marker
NF-kB, and proliferation-related effector cyclin D1. The
study limitations and advantages are discussed in light
of recent advances in the HCC and estrogen signalling
areas.
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Core tip: Recent discoveries confirmed that the female
sex hormone estrogen protects against the development
and progression of hepatocellular carcinoma (HCC).
However, the mechanism of estrogen’s anti-oncogenic
effects and the specific impact of estrogen receptor
(ER) signalling in HCC are unclear and controversial. It
is essential to determine how to exploit the estrogen
signalling pathway within a clinical setting for HCC

Abstract
A protective role of the sex steroid hormone estrogen
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treatment. The current editorial review critically analyses
the Iyer et al (WJG , 2017) study that investigated the
expression of ER subtypes in liver samples collected
from patients with a healthy liver, hepatitis C virus
cirrhosis, and HCC.

also a hormone-sensitive organ and therefore is
influenced by gonadal hormones, such as estrogen.
The hypothesis about the regulatory role of estrogen
and ER in the development and progression of HCC
[6]
inspired Iyer et al to test the level of ER expression
in liver tissues from normal subjects and patients with
chronic hepatitis C virus (HCV)-related cirrhosis and
HCC. The authors analysed the respective associa
tion of ER isoforms with inflammatory and oncogenic
markers of HCC pathogenesis. The expression of ER
subtypes, ERα and ERβ, was thoroughly evaluated
at the mRNA and protein levels in relation to gender
[6]
and type of disease . The history of detection of ER
variants expression requires special explanation. For
several decades due to an absence of variant-specific
antibodies and a lack of knowledge about the role
of these variants in carcinogenesis, the level of ER
expression was evaluated using non-specific antibodies
that recognized either both ERα and ERβ variants
unseparated, or identified only ERα, thus neglecting
ERβ. This is not surprising, as the ERβ isoform was only
identified in 1996.
Obviously, the data received with the use of nonspecific antibodies should be considered carefully and
should not be used for generalization. Furthermore,
the data received with the use of only one type of ERαspecific antibodies that allows detection of one known
ERα subtype should be considered partial, as there
are several variants of ERα and ERβ currently known
with quite different tissue-specific expression patterns
[7,8]
and functioning . The wisely-designed and isoformspecific investigation of ER variant expression in liver
samples becomes more complicated, time-consuming,
and expensive, thus it is only affordable for large, wellfinanced, clinical laboratories. Unfortunately, this kind
of comprehensive variant-specific analysis has not yet
been conducted, while most of ER-HCC studies remain
inconclusive, as they are based on a small sample
size with the use of at most two types of ER isoformspecific antibodies.
Small sample size is one of the major problems
of nearly all investigations aimed to determine the
level of ERs in gender-specific settings for diseases
of gastro-intestinal and accessory organs, including
the liver and pancreas. As stated above, females are
less susceptible to HCC and, as a result, women’s liver
samples are often under-represented in small studies.
[6]
Similarly, Iyer et al could not perform statistically
relevant gender analyses due to the limited size of the
patient cohort and the scarcity of female samples in
the diseased groups. This problem could be overcome
in a study conducted by two or more collaborating
clinical laboratories that register a sufficient number of
female patients with HCC.
The study determined significantly higher expression
of ERα and ERα:ERβ expression ratio in normal
(healthy) males as compared to females. The findings
[6]
demonstrated by Iyer et al suggest some potential

Sukocheva OA. Estrogen, estrogen receptors, and hepatocellular
carcinoma: are we there yet? World J Gastroenterol 2018; 24(1):
1-4 Available from: URL: http://www.wjgnet.com/1007-9327/
full/v24/i1/1.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i1.1

INTRODUCTION
Despite considerable advances in the treatment of
various malignancies, there are still limited cure options
for hepatocellular carcinomas (HCC), a high-lethality
malignancy. Determined as a possible outcome of the
chronic liver diseases with cirrhosis, HCC was strongly
linked to hepatitis B and C, alcoholic liver disease,
[1]
and non-alcoholic steatohepatitis . As a preventive
factor, the role of steroid hormones in the regulation
of hepatic malignant transformation was suggested
after a consistent gender disproportion was observed
in the incidence of HCC worldwide. Females, at the
premenopausal age when circulating estrogen is
high, are protected from HCC and get better recovery
[2,3]
after HCC treatment . However, the mechanism
of the hormone anti-oncogenic signaling and the
specific impact of estrogen receptor (ER) isoforms in
HCC development and progression are unclear and
controversial.
The precedent is based on the high variability of the
tested samples and low significance of the established
association between ER levels and disease-specific
[4,5]
outcome shown in several studies . Consequently,
clinicians are in understandable disagreement about
the potential benefits of hormonal therapy in HCC
patients. Nevertheless, the hypothesis about the
protective impact of estrogen signaling pathway
[4,5]
against HCC was confirmed by several groups .
The worldwide epidemiological data demonstrate the
strong and consistent prominence of HCC among men,
indicating estrogen-dependent protection against liver
cancer that deserves serious consideration. Indeed,
there is an urgent need for a detailed investigation
of ER expression and signaling in normal liver and
HCC, accenting the fact that HCC is a leading cause of
cancer-related death with growing incidence worldwide.
[6]
It is pleasing to see that Iyer et al addressed the
problem using a few novel approaches.

Study Analysis
HCC is a disease with multifactorial causes and genetic
variability. Although the liver is mostly considered
an accessory organ of the digestive system, it is

WJG|www.wjgnet.com
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predisposition of males to develop liver cancer as
increased ER gene expression was previously shown in
[9]
liver tumours from HCC patients , and was linked to
[6]
higher proliferation rate in other cancers. Iyer et al
detected an increase in the liver mRNA expression
of ERα (ESR1) and ERβ (ESR2) subtypes in chronic
HCV and HCV-related HCC as compared to normal.
However, in contrast to healthy liver, ERα (ESR1)
mRNA transcriptional levels were decreased in the
male liver with chronic HCV and HCV-related HCC as
compared to normal liver samples. The study included
premenopausal female subjects (female controls age
range 42-67) indicating that at least some of them
had a reasonably high level of circulating estrogen.
However, the HCV and HCC groups included only
menopausal and post-menopausal females suggesting
that the level of circulating estrogen in those females
is comparable to men. Unfortunately, the real level of
circulating estrogen was not measured in any of those
groups.
Considering the applied methods, the authors
[6]
(Iyer et al ) evaluated the amount of ERα and Erβ
proteins using the western blotting technique and
immunohistochemistry (IHC) on paraffin-embedded
tissue samples. The latter approach allows for the
observation of intracellular localization of the receptor
variants. Many studies addressed the mechanisms
of the ER signaling pathways in cytoplasm and
nuclear compartments, but those studies were mostly
assessing breast carcinomas. The findings related to
ER intracellular localization in breast tissues might
be irrelevant to liver samples, although indicate the
necessity of further investigations. To confirm the
IHC data, ER isoform localization was assessed using
subcellular fractionation. The analysis indicated some
favorable tendency towards nuclear translocation of
ERα and ERβ proteins in HCV and HCC samples. The
increased nuclear-to-cytoplasmic ratio and dominant
presence of both of ER variants in the nuclear space of
cells from the diseased groups suggest ER-related gene
activation.
[6]
Iyer et al assessed activation of an oncogenic
marker cyclin D1 and found the increased expression
of the protein in the nuclear and cytoplasmic fractions
of diseased livers. Increased cyclin D1 level is supposed
to stimulate hepatocyte proliferation during chronic
HCV-infection. The expression of nuclear ERα and ERβ
positively correlated with nuclear cyclin D1 in both
HCV related cirrhosis and HCV-related HCC. The data
suggests that ER-subtypes stimulate the activation of
transcriptional activity during the progression of the
disease towards malignancy. However, this effect and
related ER gene activation require further confirmation
on the level of established ER target genes including
progesterone receptor and cathepsin D; although
activation of ER target genes in the liver has not been
well-studied.
Besides proliferation-related effector, the authors

WJG|www.wjgnet.com

analysed activation of the inflammation-related sig
nalling pathway of NF-κB. Although NF-κB activation
was associated with ER signalling, the link is very
controversial and NF-κB also mediated anti-inflammatory
[10]
effects of ER . Considering evidence confirming the
[11]
inflammation-related role of NF-kB in the liver , it is
[6]
not surprising that Iyer et al detected a significantly
higher expression of phosphorylated NF-κB in
chronically infected livers with HCV and in HCC tissue
samples. The authors further tested the association
between ER and NF-κB. The regulatory involvement of
ERs in inflammatory responses was previously shown
in different cells, but was not clearly characterized in
[6]
liver tissues. Interestingly, the authors (Iyer et al )
demonstrate controversial data that reminds the effects
which were detected in colon, gastric, and oesophageal
[12-14]
cancers
. A weak negative correlation was found
between nuclear ERα and pNF-κB in normal liver tissues,
while a weak positive correlation between nuclear ERα
and pNF-κB was detected in the HCV-related HCC
group. The change of “polarity” for ER-related signalling
confirms the previously suggested dependence of ER
[15]
effects on different sets of co-factors . The cancerspecific set of co-factors reverses or changes the
tendency of ER-mediated biological effects. The kind of
co-factors which mediate ER variant signalling in normal
and diseased livers remains to be identified in future
studies.
Cytoplasmic ER signalling is not well-defined in HCC,
[6]
either. Iyer et al data demonstrated that ERα:ERβ
ratio was increased in the cytoplasmic compartment of
the HCV-related cirrhosis and HCC groups compared
to normal samples. The data indicates increased ERα
cytoplasmic presence. However, the analysis of NF-κB
activation pathway and cytoplasmic ER subtypes show
a strong negative correlation in the HCC group. These
findings open wide horizons for future investigations
as the range of inflammation and proliferation-related
cytoplasmic mediators of ER signalling includes MAPK,
PI3K, and the Sphingolipid network. Besides ERrelated signalling pathway in cytoplasm, membrane
ER should not be neglected in future studies assessing
HCC. G protein-coupled estrogen receptor (GPER) is
a novel estrogen-binding receptor involved in many
pathological conditions, including cancer. The role of
the GPER in HCC was recently shown in estrogen[16]
induced protection against HCV , but this requires
further testing. The availability, quality, and specificity
of ER-isoform specific antibodies is being constantly
improved, giving hope that the role and mechanism
of estrogen/ER signalling in the liver will be clarified in
near future.

CONCLUSION
[6]

The reviewed data indicated a favorable tendency
towards nuclear translocation of ERα and ERβ proteins
followed by NF-κB transcriptional activation in HCV
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and HCC patient samples. According to this finding,
testing ER modulators that target both ERα/ERβ
isoforms would be a suggestive clinical strategy.
However, ERα (ESR1) mRNA transcriptional levels were
decreased in the HCC male liver compared to normal
[6]
liver samples . Since males are more susceptible
to HCC development, the finding of decreased ERα
in HCC male samples directs clinical design towards
the use of ERβ modulators as a potential anti-HCC
therapy. However, the rather low number of tested
samples suggests the necessity for more and larger
investigations. The change in ER isoform expression
ratio and receptor localization indicates the complexity
of ER signaling pathway and its transformation during
oncogenesis, which we still do not entirely understand.
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Abstract
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Ulcerative colitis (UC) is an inflammatory disease that
mainly affects the colon and rectum. It is believed that
genetic factors, host immune system disorders, intestinal
microbiota dysbiosis, and environmental factors
contribute to the pathogenesis of UC. However, studies
on the role of intestinal microbiota in the pathogenesis
of UC have been inconclusive. Studies have shown that
probiotics improve intestinal mucosa barrier function
and immune system function and promote secretion of
anti-inflammatory factors, thereby inhibiting the growth
of harmful bacteria in the intestine. Fecal microbiota
transplantation (FMT) can reduce bowel permeability
and thus the severity of disease by increasing the
production of short-chain fatty acids, especially butyrate,
which help maintain the integrity of the epithelial barrier.
FMT can also restore immune dysbiosis by inhibiting Th1
differentiation, activity of T cells, leukocyte adhesion,
and production of inflammatory factors. Probiotics and
FMT are being increasingly used to treat UC, but their
use is controversial because of uncertain efficacy. Here,
we briefly review the role of intestinal microbiota in the
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pathogenesis and treatment of UC.
Key words: fecal microbiota transplantation; Intestinal
microbiota; ulcerative colitis; probiotics; mechanism;
clinical application

that after FMT, the intestinal microbiota composition of
[7]
recipients was consistent with that of the donors . The
mechanisms of action of FMT might be the competitive
inhibition of pathogenic microorganisms and improve
ment of immunity and metabolism.

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

PATHOGENESIS OF UC

Core tip: As we all know, genetic factors, host immune
system disorders, intestinal microbiota dysbiosis, and
environmental factors contribute to the pathogenesis
of ulcerative colitis (UC). In this review, we explore
the mechanism and clinical application of intestinal
microbiota such as probiotics and fecal microbiota
transplantation in UC so that we can use these tools
to cure more diseases. Enteric microbiota leads to new
therapeutic strategies for UC.

The pathogenesis of UC is complex and it is believed
to be mediated by genetic susceptibility, microbial
dysregulation, and environmental factors. In UC, mu
cosal permeability increases and the inflammatory
reaction is caused by excessive reaction below the
[8]
lymphoid tissue . There exists impaired ileum barrier
function, the reduction of mucin and goblet cells which
produce mucin, and the decrease of epithelial NLRP6
[9]
in UC patients .

INTESTINAL MICROBIOTA

Shen ZH, Zhu CX, Quan YS, Yang ZY, Wu S, Luo WW,
Tan B, Wang XY. Relationship between intestinal microbiota
and ulcerative colitis: Mechanisms and clinical application
of probiotics and fecal microbiota transplantation. World J
Gastroenterol 2018; 24(1): 5-14 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v24/i1/5.htm DOI: http://
dx.doi.org/10.3748/wjg.v24.i1.5

The intestinal microbiota and the bacteria that
compose it, such as Firmicutes, Bacteroidetes, and
[10,11]
Actinomycetes, are still not well understood
.
According to aerobiosis or anaerobiosis, the intestinal
microorganisms are divided into anaerobic bacteria,
facultative anaerobic bacteria, and aerobic bacteria;
anaerobic bacteria are the most abundant intestinal
[12]
bacteria . These bacteria are mainly distributed in the
colon and distal small intestine. Most of the bacteria
live on the surface of the intestinal mucosa. They
attach to the surface of the intestinal epithelial cells
to form a layer of bacterial biofilm, which ultimately
affects the intestinal metabolism of nutrients, intestinal
permeability, and intestinal immune system function.
According to their role in the host, intestinal mi
crobiota can be divided into three categories. The
first category contains the physiologic bacteria that
are symbiotic with the host. They attach to the deep
mucosal epithelial cells, and most are anaerobic
bacteria. They are the dominant microbiota of the
intestine (e.g., Bifidobacterium, Bacteroides, and
Peptococcus) and play key roles in nutrition and
immune regulation. The second category contains
conditional pathogens that inhabit the host. They
are mainly facultative aerobic bacteria and intes
tinal nondominant bacteria (e.g., Enterococcus and
Enterobacter). These organisms are harmless when
intestinal microecological balance is maintained but
can be harmful to humans under certain conditions.
The third category contains mostly pathogens (e.g.,
Proteus and Pseudomonas). When microecology is
in balance, long-term colonization of pathogens is
rare, and the number of these organisms is small and
nonpathogenic. If changes in the enteral and external
environments lead to a decline of intestinal-dominant
microbiota, then intestinal microbiota imbalance
will occur, with pathogens or conditional pathogens
increasing to the point of causing disease.

INTRODUCTION
The etiology and pathogenesis of ulcerative colitis
(UC) are complex. UC is believed to be caused by an
imbalance between intestinal microbiota and mucosal
immunity, resulting in excessive intestinal inflamma
[1]
tion . Thus, dysbiosis of intestinal microbiota contri
butes to the pathogenesis of UC. In UC patients, the
intestinal microbial population and functional diversity
and stability of intestinal bacteria are impaired, with
reductions in specific Firmicutes bacteria and increased
[2]
Bacteroidetes bacteria and facultative anaerobes .
Probiotics are increasingly being used to treat UC.
Probiotics are living nonpathogenic bacteria, such as
[3]
Lactobacillus, Bifidobacterium, and Enterococcus .
The bacteria in probiotics can benefit the intestinal and
[4]
immune systems . Probiotics can restore the function
[5]
of disturbed mucosal barrier , correct intestinal
microbiota imbalance, inhibit competition of potential
pathogens, improve local and systemic immunity, and
[6]
enhance intestinal barrier function . Probiotics can
effectively induce and maintain remission in UC patients,
suggesting that optimizing intestinal microbiota is key in
the treatment of UC.
Fecal microbiota transplantation (FMT) also shows
promise in UC. FMT aims to quickly restore the normal
function and composition of intestinal microbiota,
which can help treat intestinal and parenteral diseases.
How FMT improves inflammatory bowel disease (IBD)
is not completely understood. Studies have shown
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Intestinal mucosal symbiotic bacteria promote intes
tinal stability. Symbiotic bacteria help inhibit intestinal
colonization by pathogens. Highly evolved bacteria
occupy the intestine and prevent pathogens from
invading the lamina propria layer. Intestinal bacteria
stimulate the intestinal mucosa by causing a low level
of inflammation. This inflammation contributes to the
formation and improvement of the intestinal immune
system, which monitors and removes harmful bacteria
to maintain the body health. Intestinal bacteria also
participate in important physiologic metabolic activities.
Propionibacterium freudenreichii ET-3 can produce
large amounts of vitamin K2 precursor material, which
can activate aroma receptors, participate in substance
metabolism, and detoxify and inhibit dextran sodium
[13]
sulfate-induced colitis in vivo . When the composition
of intestinal symbiotic bacteria changes, the intestinal
microbiota becomes unbalanced, causing an intestinal
[14]
immune response .
Microorganisms release many biologically active
substances, such as intestinal short-chain fatty acids
(SCFAs), which have a strong immunomodulatory
effect. Acetic acid, butyric acid, and propionic acid are
[15]
the most abundant SCFAs . SCFAs act as the main
energy substrates and directly influence the host
digestive tract through phenotypic alteration of colonic
epithelial cells. They can also act as tumor suppressors
and have recently been shown to be modulators of the
intestinal neuroendocrine system. In addition, SCFAs
are involved in anti-inflammatory gene regulation pro
[16]
cesses both in vitro and in vivo . Faecalibacterium (F.)
prausnitzii and Roseburia are butyric acid-producing
bacteria that are usually considered as probiotic
microorganisms. Butyrate can protect the integrity
of the intestinal epithelium, promote the intestinal
immune response, inhibit the growth of tumor cells, and
reduce the activity of cancer-promoting enzymes, thus
protecting the intestinal wall and reducing intestinal
[17]
inflammation and colorectal cancer incidence .

The pathogenesis of UC is complex, and the interaction
between the host and intestinal microbiota may be
a key factor. Under normal circumstances, the host’s
innate and adaptive immunity prevents the invasion of
harmful bacteria while tolerating the normal microbiota.
However, if the microbiota is imbalanced, immunity is
compromised. The intestinal mucosal immune response
[19]
is overstimulated, which can lead to disease .
Disrupted intestinal microbiota can cause intestinal
inflammatory responses. Disruption in the microbiota
results in a rapid increase in harmful bacteria in the
intestine. In addition, release of enterotoxin increases
intestinal mucosal permeability, and production of
immunosuppressive protein results in immune dysfun
ction. Growing populations of harmful bacteria directly
invade and damage the intestinal epithelial cells,
resulting in damage to the intestinal mucosal barrier.
Excessive growth of some bacteria affects metabolic
and energy metabolism, triggering intestinal inflamma
tion and damage of the intestinal mucosa. Intestinal
mucosal barrier function declines, the shield function of
the intestinal wall diminishes, and intestinal microbiota
is translocated, which further damages the intestinal
mucosal barrier, causing a vicious cycle and aggra
vating the intestinal inflammatory response. Animal
experiments have found that colitis can be induced
in animal models by disrupting intestinal bacteria.
Sterile animals with IL-10 or HLA-B27 knockout did not
[20]
develop colitis , suggesting that intestinal microbiota
is essential for the occurrence of UC.
A large number of bacteria are adhered to intestinal
epithelial cells of CD patients compared with healthy
people. Microbiota might be one of the key factors
of activating the intestinal immune system and in
ducing CD. In addition, the dysregulation of resident
microbiota may be the major factor of inducing IBD.
The occurrence of intestinal inflammation might cause
the production of a variety of different types of instant
cell factors.

Microbial pathogens related to UC

Many studies have demonstrated that the composition
and function of intestinal microbiota in UC patients are
compromised. Some bacteria such as Akkermansia (A.)
muciniphila are decreased. A. muciniphila is one of the
most abundant members of the human gut microbiota,
representing between 1% and 5% of human intestinal
microbes. Several studies have shown a relationship
between UC and A. muciniphila. A. muciniphila was
decreased in UC patients, along with Roseburia
[21]
bacteria . It was also decreased in a mouse model of
[22]
carrageenan-induced colitis . Therefore, A. muciniphila
might be a new target of UC. Abnormal microbiota
reduced the complexity of the intestinal microbial
ecosystem, which is a common feature of patients with
[23]
UC and CD . Several microbial pathogens are possibly
related to intestinal inflammation and thus UC patients

INTESTINAL MICROBIOTA AND UC
There is close relationship between the pathogenesis
of UC and intestinal microbiota. The steady state of
the intestinal microbiota is important in preventing the
excessive growth of certain microorganisms. Dysbiosis
of the intestinal microbiota may be a contributing factor
in some diseases and conditions, such as obesity,
metabolic syndrome, autoimmune diseases, necrotizing
enterocolitis, skin disease, UC, Crohn’s disease (CD),
[18]
and irritable bowel syndrome . When the balance of
intestinal microbiota is broken, the intestinal defense
function and immunoregulatory function are decreased,
the immunity of the body is reduced, and the relative
pathogenic factors are increased so as to cause the
intestinal mucosal invasion or aggravate the diseases.
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[24,25]

may harbor Mycobacterium avium paratuberculosis
,
[26]
adherent-invasive Escherichia coli , Clostridium (C.)
[27-29]
[30-32]
difficile
, Helicobacter species
, Salmonella
[33]
[34]
[35]
species , Yersinia species , Fusobacterium species ,
[36]
[37]
norovirus , and Listeria species . However, the exact
pathogenesis is unclear.

LAP+ Treg cells and the TLR2 signaling pathway in
[47]
vivo (Figure 1).

MECHANISM AND CLINICAL USE OF
PROBIOTICS
Probiotics can promote the secretion of anti-inflammatory
factors by improving intestinal mucosal barrier and
immune system function and thus inhibiting the growth
of harmful bacteria in the intestine. Pathogens can
weaken the barrier function of the intestinal mucosa and
pass through or damage the mucosal wall. Probiotics
can prevent or repair such damage.
The main mechanisms of probiotics include com
peting for adhesion sites and nutrients, maintaining
the balance of normal intestinal microbiota, enhancing
intestinal mucosal barrier function, promoting immune
tolerance of the intestinal mucosa, interfering with
intestinal inflammatory response, and inhibiting intes
tinal epithelial cell apoptosis. Studies have indicated
that probiotics might be useful in the treatment of UC.
Through the PI3K/Akt and NF-κB signaling pathway,
probiotics decreased proinflammatory cytokines such
as TNF-α and IL-1β and increased anti-inflammatory
factor IL-10, thus improving the symptoms of UC.
Bifidobacterium is one of the first colonizers of
the baby intestine and the main microbial organism
[48]
of the adult intestine . It is beneficial microbiota
that promotes antitumor immunity and prevents re
currence of UC. Bifidobacterium breve reduces the
shedding of apoptotic epithelial cells in an extracellular
[49]
polysaccharides- and MyD88-dependent manner .
A meta-analysis containing a total of 1763 cases
in 32 clinical trials showed that probiotics significantly
increased the clinical remission rate of patients with
active UC (P = 0.01; risk ratio = 1.51). Probiotics and
aminosalicylic acid had similar clinical effects. Subgroup
analysis showed that VSL#3 (Alfasigma) resulted in the
most significant improvement in UC, followed by lactic
[50]
acid bacteria and E coli . Another study on UC patients
aged 12 to 16 years showed that the recurrence rate
was lower in the group treated with probiotics for 1
[51]
year than in the control group (21% vs 73%) . One
study showed that the addition of Lactobacillus species
[52]
to the usual therapies reduced relapse in UC patients .
[53]
Oliva et al
also found that local administration of L.
reuteri ATCC 5573 with a standard dose of mesalazine
reduced inflammation of the rectal mucosa in children
with UC. In addition, E. coli strain Nissle promoted
long-term maintenance of remission in UC patients.
Administration of Saccharomyces boulardii during
treatment with mesalazine induced clinical remission in
[54,55]
71% of patients with active mild to moderate UC
.
[40]
In 2013, Varela and colleagues investigated the fecal
bacteria of 116 UC patients in remission and 16 healthy
subjects and found that F. prausnitzii colonization was

SCFA production

In one study, qualitative and quantitative changes were
demonstrated in the composition of enteric bacteria
[38]
in patients with UC . The diversity of bacteria in
UC patients was less than that of the control group.
The number of dominant bacteria was decreased,
the number of pathogens was increased, and the
proportions of each strain of the dominant microbiota
were not balanced. Studies have found that the
diversity of intestinal microbiota in UC patients is
decreased by approximately 25% compared with that
of healthy controls. Firmicutes and Bacteroidetes were
decreased, while Proteobacteria and Actinomycetes
[39]
were increased. Machiels et al found that two import
ant butyrate-producing Firmicutes bacteria, Roseburia
hominis and F. prausnitzii, were significantly decreased
[40]
in UC patients. Varela et al
found that the number
of F. prausnitzii was significantly increased in the
remission period of UC, indicating that F. prausnitzii
may play a vital role in the treatment of UC.

T-cell response

Some bacteria affect the differentiation of T-cell subsets
and thus influence the occurrence and development
of inflammation. Bacteroides (B.) fragilis and capsular
lipopolysaccharide A improved the balance of Th1/
Th2 cells in mice by activating NF-κB via TLR2 and
[41]
regulating the secretion of TNF-α and IL-12 . Other
studies have found that B. fragilis affected the steady
state of mucosal T cells by inducing the production
of regulatory T (Treg) cells in a 2,4,6-trinitrobenzene
[42]
sulfonic acid-induced colitis mouse model . In the
small intestine and colon, segmented filamentous
[43]
bacteria (SFB) can increase the number of Treg cells
and can also regulate the differentiation of Th17 cells
and promote the production of IL-22-producing CD4+
T cells. The mechanism might be that SFB stimulates
the production of serum amyloid A (SAA), which is an
early inflammatory marker, and SAA induces a specific
[44]
Th17 response in vivo . These findings suggest that
lipopolysaccharide A may play a dual role in intestinal
homeostasis. Mice treated with Lactobacillus reuteri
[45]
had a higher percentage of Treg cells . Clostridium
clusters Ⅳ, XIVa, and XVIII secrete SCFAs to stimulate
the production of TGF-β by intestinal epithelial cells
and induce Treg cell differentiation to promote intest
[46]
inal mucosal immune tolerance . Hsp65-producing
Lactococcus lactis inhibited experimental autoimmune
encephalomyelitis, and the mechanism might be
related to the induction of CD4+/Foxp3+ and CD4+/
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SFB

Clostridum cluster
Ⅳ, XIVa, XVIII

Hsp65-LL

B. fragilis (PSA)

SCFAs

SAA

TGF-β

TLR2

TLR2

Th1/Th2

Th17
Treg

Figure 1 Bacteria affect the differentiation of T-cell subsets and thus influence the occurrence of inflammation. Different types of bacteria have different
effects on T cell differentiation. SFB has an effect on TH17. Clostridum clusters IV, XIVa, and XVIII and Hsp65-LL can influence the differentiation of Treg cells. B.
fragilis might affect the ratio of Th1/Th2 via TLR2. SFB: Segmented filamentous bacteria; Hsp65-LL: Hsp65-producing Lactococcus lactis; B. fragilis: Bacteroides
fragilis.

substances, and energy metabolism. FMT is used to
[60]
treat chronic gastrointestinal infections and IBD .
FMT can improve intestinal microecology and the per
meability of the intestinal mucosa. It can activate the
intestinal humoral immune response to induce synthesis
of IgA, IgG, and IgM through the TLR pathway, thus
protecting the intestinal mucosa. FMT can also reduce
the pH value of the intestine and increase the adhesion
of bacteria and H2O2 to competitively inhibit the
[63]
adhesion and translocation of pathogens . Finally, FMT
can treat immune disorders by inhibiting the secretion
of proinflammatory cytokines and promoting Th1
differentiation, T-cell activity, leukocyte adhesion, and
immune-stimulatory factors.
In gastrointestinal homeostasis, the diversity of the
microbiota prevents colonization and overgrowth of
pathogens. FMT can reduce intestinal permeability by
increasing the production of SCFAs, thereby reducing
the severity of disease. Increased SCFAs, especially
butyrate, which is the main source of energy in colonic
epithelial cells, maintain the integrity of the epithelial
barrier by reducing intestinal permeability. FMT can also
restore the dysbiosis of microbiota. The proportions
of beneficial bacteria are increased and the diversity
is also increased. FMT can make the composition of
microbiota be more likely to be similar to the donor for
[64]
a long time. Recently, a study by Dutta et al
found
that FMT increased the diversity of fecal microbiota
and increased the proportion of Lachnospiraceae,
which are butyrate-producing bacteria. These findings
not only confirm the speculated mechanism of action
of FMT, but also indicate that Lachnospiraceae might
be the key bacteria in the success of FMT. This finding
could lead to targeted and standardized FMT.
FMT is successful in treating recurrent C. difficile

significantly reduced in UC patients. In addition, oral
administration of F. prausnitzii was found to help induce
[56]
remission in UC patients .
However, the results with probiotics in UC have not
been consistent. Studies have shown that probiotics
can increase gastrointestinal peristalsis, induce diarrhea
in IBD patients, change stool frequency, and increase
[57]
[58]
disease activity . A study by Wildt et al demonstrated
that there was no difference in UC remission between
patients administered with Lactobacillus acidophilus
LA-5 and Bifidobacterium and the control group. Larger
sample sizes and more randomized controlled clinical
trials are needed to clarify the role of probiotics in the
treatment of UC.

MECHANISM AND CLINICAL USE OF
FMT
Along with probiotics, FMT is also being investigated as
a treatment for UC. FMT is the process of transplanting
fecal bacteria from a donor into a recipient. Currently,
[59]
no standard criteria exist for FMT donor screening .
Donors are often selected from relatives, spouses,
friends, or healthy volunteers. The collection of feces
is usually conducted on the day of transplantation. The
feces are dissolved in saline or water, homogenized,
and filtered to form a homogeneous solution. Stools are
[60]
usually transplanted in 6 to 8 h . Stool banks exist in
many countries and may serve many clinical functions
[61,62]
in the future
; however, internationally standardized
stool banks have not yet been established.
The essence of FMT is to reconstruct intestinal
microbiota and cure disease by normalizing abnormal
immune and inflammatory responses, the numbers
and activities of neurotransmitters and vasoactive
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Table 1 Main case series and reports of fecal microbiota transplantation in ulcerative colitis patients
UC (n ) Stool material Volume infusion

Ref.

Infusion route

Frequency

Donor relationship

Characteristics of outcomes

1

Unrelated

None of the patients achieved CR

Kump et al[92], 2013

15

Fresh

Kunde et al[75], 2013
Angelberger et al[72],
2013
Suskind et al[93],
2015
Kellermayer et al[86],
2015
Damman et al[94],
2015
Wei et al[67], 2015

10
5

Fresh
Fresh

4

NR

3

Frozen

7

Fresh

175-290 mL

Colonoscopy

1

11

Fresh

Colonoscopy

5

Cui et al[66], 2015

15

NR

60 g
300 mL
NR

Gastroscope channel

1

Vermeire et al[95],
2016

8

Fresh

100 g
200 mL

Nasojejunal tube or
colonoscopy

2

100 to 150 g
Rectosigmoidoscopy
300-500 mL
70 to 130 g 60 mL
Enemas
60 g
Nasojejunal tube
250 mL
30 g
Nasogastric Tube
100 mL
NR
Colonoscopy

5
5

Related
33% patients achieved CR at 1 wk
Related or unrelated
(0/5) patients demonstrated a
remission
Related or unrelated
(0/4) patients demonstrated a
remission
A single donor
(3/3) patients demonstrated a
remission
Related or unrelated
(1/7) patients demonstrated a
temporary remission
Unrelated
The Mayo scores of all patients
decreased at 4 wk
1 (73.3%) related; 2
28.6% patients achieved CR
(26.7%) unrelated
Related
(2/8) demonstrated a remission at
week 8

1
22-30

UC: Ulcerative colitis.

Table 2 Recent randomized, controlled trials of fecal microbiota transplantation in ulcerative colitis patients
Ref.

Rossen et al

[69]

n (UC/placebo)
48 (23/25)
UC arm
50 mL, nasoduodenal, healthy donors
Placebo arm
Autologous FMT
Frequency
At weeks 0 and 3
Evaluation criterion Remission (SCCAI ≤ 2 + ≥ 1-point decrease

Results

Moayyedi et al

, 2015

[70]

, 2015

Paramsothy et al

[96]

, 2017

75 (38/37)
50 mL enema, healthy donors
50 mL enema, water
Once weekly for 6 wk
Remission (a Mayo score ≤ 2 with an

85 (42/43)
150 mL, colonoscopic, unrelated donors
150 mL, colonoscopic, isotonic saline
5 d per week for 8 wk
Remission (Mayo score ≤ 2, all subscores

in the Mayo endoscopic score) at week 12

endoscopic Mayo score of 0) at week 7

≤ 1, and ≥ 1 point reduction in

30% with FMT vs 20% controls (P = 0.51)

24% with FMT vs 5% placebo (P = 0.03)

endoscopic subscore) at week 8.
27% with FMT vs 8% placebo (P = 0.021)

FMT: Fecal microbiota transplantation; UC: Ulcerative colitis.

infection. FMT could also potentially be used to treat
UC, although limited evidence exists. Only a few small
case series have been reported, and the efficacy is
inconsistent, ranging from 20% to 92% (Table 1).
There are currently only three randomized controlled
trials of FMT in UC (Table 2). Clinical trials have
shown differences in efficacy of FMT, which might
be due to differences in individual factors, severity
of disease, sites of disease, FMT donors, infusion
paths, infusion doses, and so on. A recently reported
[65]
included 11 studies (containing two
meta-analysis
randomized controlled trials, one open case-control
study, and eight cohort studies) and 133 patients with
UC. The results showed that the clinical remission rate
was 30.4% in UC patients treated with FMT. There
were no significant differences in the remission rates
between single and multiple transplantations and
between upper digestive tract and lower digestive
tract transplantations. In contrast, some reports have
indicated that repeated FMT may be better than single
[66]
transplantation . Although the remission rate of UC
[67]
was not ideal, patients’ quality of life improved ,
and FMT is easy to perform and safe. Another metaanalysis of FMT showed that the clinical response rate
[68]
of IBD was 22% . After FMT, the intestinal microbiota

WJG|www.wjgnet.com

diversity of UC patients increased, and the microbiota
[69-71]
species converged with those of the donors
.
However, in time, intestinal bacteria will revert back
to the pretreatment state. Therefore, repeated FMT
may be needed; thus, the ideal number of treatments
and interval between transplantations need to be
[72]
explored .

ADVERSE REACTIONS OF INTESTINAL
MICROBIOTA
Few adverse reactions have been reported with pro
[73,74]
biotics
, and FMT has also been regarded as a
safe treatment strategy. Adverse events or serious
complications of FMT are rarely reported but include
abdominal cramps, bloating, constipation, and diarrhea.
Fever and increased C-reactive protein level are common,
[75]
but both are transient and self-limiting . Other rare
[76]
adverse reactions include sore throat and headache ,
[77]
[78]
abnormally low blood pressure , shingles , the
[79]
[76]
occurrence of UC , norovirus infection , weight
[80]
[81,82]
gain , peritonitis or enteritis
, perforation of the
[83]
[84]
colon, pneumonia , and cytomegalovirus infection .
[85]
Bacteremia has been reported after FMT . After FMT,
changes in the composition of intestinal microbiota

10
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may lead to changes in gene expression of the mucosal
[86]
cells of the recipients , alteration of intestinal mucosal
[87]
immune function , changes in the intestinal ecological
[88]
[89]
environment , and differences in body metabolism .
FMT can affect gastrointestinal diseases as well as extra[90]
gastrointestinal disorders . Therefore, patients who
undergo FMT require long-term follow-up to observe
pathologic and physiologic effects of treatment.
In addition, because of the diversity and uncertainty
of intestinal microbiota, the current treatment criteria
for FMT are difficult to formulate. Controversy concerns
whether intestinal microbiota should be managed as
a drug or as a bodily organ. These problems hamper
the standardization and specific application of FMT.
Determining the effective bacteria and the ideal
treatment subjects will help to standardize FMT and
[91]
make treatment more consistent .

8

9

10

11

CONCLUSION
12

The pathogenesis of UC is closely related to intestinal
microbiota, although the exact bacteria that contribute
to UC have not been determined. The use of probiotics
in UC is currently being investigated. Probiotics may
help normalize the imbalance of intestinal microbiota,
improve the microecological environment, enhance
intestinal mucosal barrier function, and reduce gas
trointestinal infections. However, determination of the
specific mechanism and types of probiotics, the best
concentrations, and ideal treatment methods requires
further study. The treatment of UC with FMT is also
promising, but many questions remain regarding this
treatment as well. Clearly, more research is needed
regarding the use of probiotics and FMT in UC.

13

14
15

16
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Although the incidence of Crohn’s disease (CD) in
China is not as high as that in European and American
countries, there has been a clear increasing trend in
recent years. Little is known about its pathogenesis,
cause of deferment, and the range of complications
associated with the disease. Local and international
scholars have presented many hypotheses about
CD pathogenesis based on experimental and clinical
studies, including genetic susceptibility, immune
function defects, intestinal microflora disorders, delayed
hypersensitivity, and food antigen stimulation. However,
the specific mechanism leading to this immune
imbalance, which causes persistent intestinal mucosal
damage, and the source of the inflammatory cascade
reaction are still unclear. So far, the results of research
studies differ locally and internationally. This paper
presents the most current research on immune factors
in the pathogenesis of CD.

Author contributions: Li N mainly contributed to this work; Li
N wrote the manuscript and performed the majority of literature
reading; Shi RH designed the study and provided the financial
support for this work.
Supported by the National Natural Science Foundation of
China, No. 81570503.
Conflict-of-interest statement: The authors declare that they
have no conflicts of interest to this work.
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: pathogenesis; immune; immunotherapy;
intestinal inflammation; Crohn’s disease; cytokines;
lymphocytes; T lymphocytes

Manuscript source: Unsolicited manuscript

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

Correspondence to: Rui-Hua Shi, DA, MD, PhD, Professor,
Chief physician, Department of Gastroenterology, Zhongda Hos
pital, Affiliated Hospital of Southeast University, 87 Dingjiaqiao
Road, Nanjing 210009, Jiangsu Province, China. ruihuashi@126.com
Telephone: +86-25-83272251
Fax: +86-25-83272251

Core tip: It is now clear that Crohn's disease (CD) is an
autoimmune disease that involves at least the intestinal
mucosal immune system, when the mucosal immune
system is invaded by food or bacterial antigens. However,
it is worth mentioning that the mechanism remains
unclear. Whether activation of the immune system is
the internal defects (constitutive activation or regulation
mechanism disorder) or changes in the epithelial mucosal
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barrier leading to continuous stimulation is still not clear.
The mechanism of CD is intensively studied by domestic
and foreign scholars on the immune destruction. Here we
summarize the latest research status on immune factors
in the pathogenesis of CD with regard to the mechanisms
about T-lymphocyte immunity, innate lymphocyte
immunity, cytokines and immune therapy.

of normal intestinal bacteria, and from then on, any
secondary damage to the intestinal mucosa barrier
results in the antigen contacting the lymphoid tissue
[7,8]
again, stimulating a severe local immune response .
However, intestinal mucosa barrier damage occurs all
the time, yet, most often, there is no immune response.
This obviously means that this disease is also related
to the body’s genetic susceptibility and environmental
[9]
factors .
These theories have some differences related to
gene mutations causing immune dysfunction, delayed
hypersensitivity, alterations of intestinal flora, and
[10]
activation induced by some special food or bacterial
antigen. However, each mechanism ultimately involves
the immune response and broken immune tolerance.
Immunity is now a universally acknowledged cause
of CD, and hormone therapy can cause remission,
demonstrating that CD is an immune-related disease.
At present, the specific processes involved in the
breakdown of immune tolerance and the associated
[11-13]
sequence of genetic changes are still unclear
.
Also, the specific mechanisms leading to this immune
imbalance, which causes persistent intestinal mucosal
damage, and the source of the inflammatory cascade
reaction remain unclear. So far, the results of research
studies differ locally and internationally. Here we
present the most current research on immune factors
in the pathogenesis of CD with regard to the mecha
nisms about T cell immunity, innate cell immunity, and
cytokines.
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INTRODUCTION
Crohn’s disease (CD) is a chronic granulomatous in
flammatory disorder that can involve any part of the
gastrointestinal tract, predominantly the terminal ileum
and adjacent colon, and presents with segmental,
asymmetric distribution of granulomatous inflamm
[1]
ation . The main clinical symptoms are abdominal
pain, diarrhea, fistula, anal lesions, and systemic sym
ptoms of different severity in the body. The incidence
and prevalence rates of CD have been increasing
[2]
rapidly. Zheng et al analyzed the current status
and prevalence changes of CD in mainland China in
recent decades, and found that the CD incidence and
prevalence rates in the last decade were 1.21 per
100000 persons/year and 2.29 per 100000 persons,
respectively. These rates are higher than those during
1950-2002, 0.28 per 100000 persons/years and
[2]
1.38 per 100000 persons, respectively . However,
the pathogenesis, cause of deferment, and variety of
[3]
complications are not clear .
Scholars have presented many hypotheses about
the pathogenesis of CD. Some have suggested that
the environment is filled with intestinal pathogens or
opportunistic pathogens, such as pathogenic Escherichia
coli, which spread through patients’ intestinal epithelial
cells, and if innate immune cells such as monocytes,
neutrophils, and natural killer (NK) cells cannot kill
these translocated bacteria, they function as antigens
and keep stimulating intestinal mucosal cells to cause
[4]
immune responses , like abnormal Th1 and Th17
activation. Th17 activation results in the formation of
[5]
granulomas . Some antigens produced by bacteria
can induce CD4+ T cells to differentiate into targeted
cytotoxic T lymphocytes (CTLs), and these cells release
interleukin (IL)-17 to stimulate Th17 cells to pro
duce transforming growth factor and interferon-alpha
(IFN-α), which can cause persistent inflammation and
[6]
fibrosis . Another opinion presented by Papadakis is
that after the early antigen enters the body, associated
lymphoid tissues are stimulated. When this occurs,
the body becomes sensitive to the antigen, creating a
sensitive state and mucosal immunity for the antigen
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Cell immunity and Inflammatory
Factors
T lymphocytes

CD4+/CD8+ T lymphocytes and cytokines
(Figures 1 and 2): Some studies have found that
CD results mainly from chronic inflammation of T
lymphocytes, especially CD4+ T cells. As cells that
mediate humoral immunity, B lymphocytes do not
participate in the occurrence and development of CD.
CD4+ T cells are the main effector lymphocytes in
intestinal inflammatory tissue. Eventually, despite the
differences in the development of the inflammatory
process, the process of inflammation is induced by Th1
or Th2 cells. The two subgroups of cytokines produced
by Th1 or Th2 cells are mutual antagonists. Once a
group of cytokines are produced earlier or more than
the other, they will inhibit the other group of cytokines.
Therefore, for the same inflammation, the two kinds
of CD4+ T cells can lead to different consequences,
presenting two different types of immune response,
CD and ulcerative colitis (UC). Lymphocytes play a
dominant role in CD patients, mainly secreting IL-12,
IFN-α, tumor necrosis factor (TNF)-γ, IL-1, IFN-γ, IL-2,
[14-16]
and other cytokines
. But for patients with UC
in the intestinal mucosa, the characteristics of Th2
lymphocytes are atypical infiltration and production
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of IL-4, IL-5, 1L-13, and transforming growth factor
(TGF)-β cytokines. Therefore, more autoantibodies are
present in UC patients than in CD patients, mainly Th2
type immune response related antibodies. In CD animal
models, intestinal bacteria and some specific antigens,
such as certain pathogenic Escherichia coli, can induce
intestinal mucosal Th1, which induces a cellular immune
response. However, cellular immunity can be induced
in a specific susceptible animal model such as IL-10
gene knockout mice, whereas cellular immunity cannot
[17-19]
be induced in wild type mice
. This also suggests
that gene deletion and mutation cause the natural
immunity defects that induce CD. However, there is
growing evidence that the Th1-Th2 classification is too
simple; the two paths of mutual exclusion hypothesis
has been questioned, and increasing evidence shows
that IL-4 and IL-13 from the Th2 cells take part in ileal
CD. In CD, there are two simultaneous changes in the
initial stage of inflammation: the induction phase and
the effector phase. Both Th1 and Th2 may participate
in each phase simultaneously or sequentially.
Studies have found that CD8+ cells also exist in
the intestinal mucosa. For example, many CTLs are
observed in CD models, indicating a greater effect than
in other diseases. When a gene related to the function
of CD8+ T cells is deleted, there is no influence on
CD inflammation, whereas when genes related to
the function of CD4+ T cells are deleted, there is an
improvement in intestinal mucosal inflammation. There
fore, the inflammatory response appears to be related
to CD4+ T cells, and the role of CD8+ T cells in CD
remains unclear. However, the pathological effect of
[19,20]
CD8+ cells should not be ruled out completely
. So
far, the role of CTLs in the pathogenesis of CD has been
investigated in few studies, but CD8+ cell subsets and
T lymphocytes (CTLs, CD8, and CD28+) are believed
to play a key role in the recognition and elimination of
mutant cells, and inflammation caused by graft-versus-
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host reactions. Compared with healthy subjects, CTLs
in CD patients release enzymes, such as perforin and
telomerase, and increase cytotoxic protein activity.
Studies have compared the chromosomal changes
of CD8+ cells in patients with CD to those of normal
patients. Early activation of CD8+ cells may determine
subsequent proliferation, cytokine production, and
antigen recognition capability. Thus, an intervention
causing early activation of CD8 cells is a potential
[21]
therapeutic option . It has been found that the K+
pathway plays an important role in the activation of
T cells in the early stage of CD, and in the expression
of Kv1.3 and IKCa1. Additionally, many scholars have
reported two kinds of potassium ion channel that play
an important role in mouse and human inflammatory
bowel disease (IBD) development. The basic function of
these ion channels is to maintain intracellular negative
potential so that the influx of calcium in the body
[22]
fluids activates the immune function . These studies
have shown that the effects of CD8+ cell toxicity and
T cell depletion on CD inflammation are different, but
different Th1 mediated inflammatory responses play
a major role in the pathogenesis of CD. Therefore, the
immune balance is deranged, and persistent inflam
matory response occurs.

New T lymphocyte subsets and cytokines (Figures 1 and 2)
In recent years, researchers have found a new subset
of T cells, called T regulatory (Treg) lymphocytes.
When human or mouse CD4+ T cells were exposed
to repeated stimulation with IL-10 in vitro, a new
subset of T cells that secrete a high level of IL-10 but
a low level of IL-2 was induced. Treg cells have weak
[23]
proliferation ability , but their cytokine secretion
pattern is quite stable. They can secrete a small
amount of TGF-β, inhibit antigen-specific immune
responses, and restrict intestinal inflammation through
[24]
down-regulation of IL-10 . Treg cells are a group of T
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cell subsets with immunosuppressive effects. They can
negatively regulate the immune system by inhibiting
the proliferation and activation of CD4+ and CD8+ T
cells. Th17 cells are a newly discovered helper T cell
subset, named after its secreted cytokine IL-17. Th17
cells play important roles in innate immunity and
acquired immunity by secreting IL-17A/F, IL-22, and
IL-21. TNF-α is an inflammatory cytokine in host defense
against extracellular bacterial infection, in anti-parasite
immunity mediated by chronic inflammation, and in
organ transplant rejection. Th17 cells have received
extensive attention in many important physiological
or pathological processes in immune diseases and
cancer, especially in the study of the pathogenesis
[25]
of autoimmune diseases . Researchers have found
that Th17 and Treg cells are subsets of CD4+ T cells.
Th17 cells promote intestinal inflammation induced by
autoimmune diseases, while Treg cells inhibit intestinal
mucosal inflammation, which means that they have
opposing functions. A recent study found that TGF-β
can induce naive T cells into Treg immunosuppression.
In the presence of IL-6, TGF-β promotes the differ
entiation of naive T lymphocytes to Th17 cells, which
secrete proinflammatory cytokine IL-17, and the
[26]
occurrence of autoimmunity and inflammation . Treg
cells can repair mucosal inflammation in patients with
IBD, but under the influence of IL-6 andor IL-23, Treg
cells differentiate into Th17 cells, which secrete large
[27]
amounts of IL-17 . Kinugasa pointed out that IL-17
participates in the regulation of intestinal epithelial
barrier function through the extracellular signal regu
lated (ERK)-mitogen activated protein kinase (MAPK)
pathway, which may be a potential cause of intestinal
[28]
inflammation .
[29]
Carrier et al
reported another kind of T cell that
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mediates oral tolerance by TGF-β, which is called
Th3 cells. The difference between Th3 and Treg
cells is mainly that the former secretes high levels
of TGF-β, inhibiting immune responses. Due to the
lack of an immunomodulatory effect, IL-10 or TGF-α
gene knockout mice easily suffer from autoimmune
colitis. Therefore, it is speculated that Treg and Th3
cell dysfunction is involved in the pathogenesis of
IBD, especially CD. Because previous studies of Th1
lymphocytes cannot fully explain the pathogenesis of
CD, new T cell types such as Th17, Treg, and Th3 have
become the mainstream of the IBD system, which
provides a new direction for the treatment and in-depth
study of CD.

Intestinal lamina propria innate lymphocytes and
cytokines

NK cells are a lymphoid cell lineage that is considered a
part of the natural immune system. Innate immunity is
a natural immune defense function formed through the
body’s process of evolution and development. However,
since the discovery of lymphoid tissue induction (LTi)
cells in 1997, the lymphocyte populations in the innate
[30]
immune system have been continuously expanded .
The loss of LTi cells leads to ROR γt expression defects,
and the mice could not form lymph nodes and isolated
lymphoid follicles, which means that LTi cells are
crucial for lymphatic tissues and organs, and the
latter is the basis of the intestinal mucosal immune
barrier and intestinal immune homeostasis. In recent
years, researchers have found some new immune
cells in the mouse and human mucosal tissue. These
cells belong to the lymph cell lineage in the form and
development degree, but do not express specific
antigen recognition receptors on the surface of the
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mature lymphocytes. They are similar to NK cells. Due
to the characteristics of LTi cells, they are called innate
[31]
lymphoid cells (ILCs) . Numerous studies have shown
that ILCs participate in the regulation of intestinal
mucosa homeostasis and play an important role in
the pathogenesis of IBD through multiple pathways.
Based on secreted factors and the transcription factor
expression pattern of different cells, the family of ILCs
is divided into three categories: (1) ILC1, including
classic NK cells, tissue residing NK cells, and mucosal
ILC1, which express T box transcription factor (T bet)
and/or Eomes. Under the stimulus of IL-12 and IL-18,
ILC1 produce IFN-γ, which is mainly responsible for
antiviral, bacterial, and toxoplasma infections and also
plays a role in the immune memory; (2) ILC2, including
natural helper (NH) cells, which produce Th2 cytokines,
such as IL-5 and IL-13, and play an important role in
parasite infection, allergy, and asthma; and (3) ILC3,
including all the ILC subsets that produce IL-17 or
IL-22, with LTi being the earliest reported ILC subset,
which can induce intestinal lamina propria isolated
lymphoid follicles and the formation of lymphoid tissue
[32,33]
by expressing the ROR-γ transcription factor
. A
[34]
study
using model mice infected with Citrobacter
and Candida albicans showed that ILC3 secrete IL17
and IL22, which can promote Paneth cells to secrete
antimicrobial peptides (such as Reg Ⅲβ and Reg Ⅲγ).
These peptides can block the contact between bacteria
and epithelial cells and inhibit intestinal inflammation.
Some studies have shown that the reduction of IL-22
+ ILC3 in the intestinal mucosa is associated with the
[35]
occurrence of IBD . IL-22 promotes epithelial cell
proliferation through the JAK-STAT pathway, thereby
preserving the integrity of the epithelial barrier and
[36]
hindering intestinal microbial invasion . The deficiency
of IL-22 causes damage to the intestinal mucosal
barrier, which leads to the exposure of intestinal tissue
to many antigens and induces an abnormal immune
response in the genetic susceptible host to cause
[37]
the occurrence of IBD . Meanwhile, macrophages
and the intestinal secretion of IL-1β can stimulate
ILC3 to produce granulocyte macrophage colony sti
mulating factor (GM-CSF), which plays a role in T
[38]
cell proliferation . Inhibition of GM-CSF can lead to
a decrease in the number of regulatory T cells and
immune tolerance defect, which also plays a role in the
occurrence and development of IBD.
Studies have found that increased ILC3 can over
express major histocompatibility complex (MHC)
[39,40]
II
. ILC3 as antigen-presenting cells can, via MHCII,
induce CD4+ T cell apoptosis, and thus avoid the T cell
response to produce intolerance to intestinal symbiotic
bacteria. Further studies of IBD patients compared with
non-IBD patients found that the expression of MHCII
by ILC3, which can induce CD4+ T cell apoptosis, was
significantly reduced in IBD patients, thus causing
an immune reaction against commensal bacteria
and damaging the intestinal mucosa. Therefore, the
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intestinal mucosa barrier damage and immune tolerance
defects cause a disorder in intestinal homeostasis,
which plays an important role in the pathogenesis of
IBD, the maintenance of homeostasis of the body, and
the coordination among the different subtypes that
work together. Regarding CD, an increasing number
of studies have confirmed that the imbalance in the
regulation of ILC breaks down the intestinal tolerance
to food and bacterial antigens in the gut leading to CD,
[29,34,36,41]
with ILC3 being the most important
. A study
found that the deletion of IL-22+ ILC3 caused the
spread of Alcaligenes sp. in the intestinal lymph tissue
and induced a systemic immune response, which may
[42]
be closely related to the occurrence of CD . Mast cells
stimulate fibroblast proliferation and collagen synthesis,
and promote collagen protein aggregation activity and
expression of c-kit receptor at the same time. Mast
cells also stimulate chemotaxis through stem cell factor
receptor (c-kit), and stimulate the proliferation of in
[43]
testinal cells and fibroblasts . In a previous study, a
Salmonella typhi strain was used to induce C57/B16
mice to produce severe and persistent bowel wall
fibrosis. In this animal model, chronic infection was
caused by intestinal flora; large extracellular matrix
(ECM) accumulation was seen in the ileocecal region
and colon, and fibrosis and extensive transmural
[44]
inflammation extended to the colon , but the most
serious and extensive fibrosis was found in the ileo
[45]
cecal valve . A study showed that ILC3 caused
overexpression of IL-22, which activates monocytes,
macrophages, and mast cells during inflammatory
mucosal repair. Finally, the innate lymphocytes in the
tissue result in fibrosis. Many studies on inflammatory
factors have revealed that IL-22 arguably secreted by
ILC3 can promote Paneth cells to secrete antimicrobial
peptides (e.g., Reg Ⅲβ and Reg Ⅲγ). These peptides
can restrict bacterial contact with epithelial cells and
inhibit intestinal inflammation at the same time, and
IL-22 promotes epithelial cell proliferation via the JAKSTAT pathway to maintain the integrity of the epithelial
barrier and to prevent intestinal microbial invasion.
Moreover, deletion of IL-22 causes intestinal mucosa
barrier damage, and the intestinal tissue is exposed
to many antigens, thus inducing abnormal genetic
susceptibility to host immune response and leading
[34,36,37]
to CD
. Scholars believe that Th17 cells, via
inflammatory cytokines such as IL-17, IL-22, IL-21,
and TNF-α, are involved in the body’s defense of
extracellular bacterial infection and parasitic immune
resistance, and mediate chronic inflammation, but
excessive expression of inflammatory markers leads to
[25]
CD . Since the results of this study were inconsistent,
further studies examining the role of IL-22 in the
pathogenesis of CD are needed.

Immunotherapy
The traditional view is that CD is due to acquired
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immune system disorders, and Th1 cytokines are the
main factors in the development of CD. However, only
some of them can be used in the treatment of CD,
including IL-1, 2, 6, 12, 18, IFN-α, and TNF-γ. They can
act on intestinal epithelial cells and cause epithelial cell
apoptosis by activating lymphocytes. So far, the most
successful example is the use of anti-TNF-α antibodies
for the treatment of refractory CD with fistula. Mannon
[46]
et al
reported the safety of subcutaneous anti-IL-12
monoclonal antibody for 7 wk, and despite the small
number of cases studied, the clinical response was
significant when a higher dose of IL-12 monoclonal
antibody therapy (3 mg/kg body weight) was given.
Long-term safety is a particularly important problem
because the Th1 cytokines are important anti-infective
factors. For example, long-term inhibition of the host
response to tuberculosis (TB) by the treatment of antiTNF-alpha antibodies may lead to the recurrence of
latent TB in the patient; anti-IL-12 treatment should
be considered for the possibility of recurrent asthma.
Moreover, the etiology of CD is complex, especially in
multiple stage disease. In some cases, the cytokines
are likely to be harmful rather than beneficial. In some
patients, anti-TNF-α antibody (infliximab) treatment
does not reduce CD progression, which shows that
it is not only due to the Th1 pathway but also due to
different mechanisms in the different periods of disease
progression. However, the innate immune system
is also important, especially in the stage of disease
induction; the congenital immune system cells is an
important generator of cytokines, such as IL-1, TNF-α,
IL-6, and other cytokines, and these factors play an
important role in intestinal mucosal inflammation. The
CD susceptibility genes encoding intracellular proteins
(such as NOD2/CARD15) were found first in the innate
immune system, which can activate certain cytokines
dependent on NF-kappa B to cause intestinal bacteria
to break the immune tolerance of the intestinal
[47]
mucosa . By using monoclonal antibodies against cell
factors, fusion proteins, and receptor antagonists for
cytokine blocking, immunomodulation of CD can be
done effectively.

flora, and other factors may also be involved. Although
there are a variety of cytokine antagonists in clinical
application, the results are not satisfactory. So far, we
have not found the main immune response pathway
involved in CD. So, it is necessary to carry out a largescale screening of important inflammatory cytokines
and inflammatory cells in Asian populations, to find the
main cause of the CD immune response pathway.
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Abstract
AIM
To explore the expression profiles of microRNAs
(miRNAs), long non-coding RNAs (lncRNAs), and
mRNAs in oesophageal squamous cell carcinoma (ESCC)
in order to construct an oesophageal cancer-specific
competing endogenous RNA (ceRNA) network.

Institutional review board statement: The study was approved
by the Institutional Ethics Review Board of Zhengzhou University,
Zhengzhou, China.
Conflict-of-interest statement: The authors declare no conflicts
of interest in the present study.
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METHODS
In this work, the expression data of miRNAs, lncRNAs,
and mRNAs in ESCC were obtained. An oesophageal
cancer-specific ceRNA network was then constructed
and investigated.
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reviewers. It is distributed in accordance with the Creative
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work non-commercially, and license their derivative works on
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RESULTS
CeRNAs have the ability to reduce the targeting activity
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of miRNAs, leading to the de-repression of specific
mRNAs with common miRNA response elements. CeRNA
interactions have a critical effect in gene regulation and
cancer development.

Tumourigenesis and cancer development have
been closely associated with the aberrant expression
[6]
of protein coding mRNAs and non-coding RNAs .
Approximately 98% of the human genome are noncoding RNAs, suggesting their promising effects on
[7]
physiological and pathological processes . MicroRNAs
(miRNAs) suppress the translation and induces
the degradation of mRNA, thus modulating gene
[8]
expression and function . MiRNAs have been proved
to have critical effects in tumourigenesis, and the role
[9]
of miRNAs has been relatively well understood . Long
non-coding RNAs (lncRNAs) are newly found noncoding RNAs which were proved to participate in many
[10]
diseases . However, the functional role of the large
number of lncRNAs in ESCC remains unclear.
Many studies have confirmed that competing
endogenous RNAs (ceRNAs) are able to act as spon
ges for miRNAs. The activity of miRNAs could be
modulated with the variation of ceRNA abundance
[11]
from individual genes . Interactions between ceRNAs
through sharing miRNAs indicate a new pathway of
gene regulation, which has key effects in the cancer
[12-14]
progression
. CeRNAs act as molecular sponges
of miRNAs through binding with miRNAs (also known
as miRNA response elements, MRE), thus inhibiting
[15]
miRNA targeted genes . The discovery of ceRNAs
requires reassessing our understanding of gene regu
latory networks and raising the probability of proposing
a new molecular mechanism. Both of them may be the
[16-18]
potential targets for gene treatment
.
Lately, complex and multidimensional molecular
maps of large cancer crowd were uncovered by
research alliance such as The Cancer Genome Atlas
(TCGA). With these information, a synthetic ana
lysis could be performed on the association between
[19-21]
molecular alterations and certain cancer type
.
Many ceRNAs were revealed in various cancer types.
Until now, few studies have been performed on
clarifying the association among lncRNAs, miRNAs,
and mRNAs in ESCC. Therefore, in this study, a ceRNA
network in ESCC was constructed, which may help to
elucidate the specific biological mechanisms of ESCC
progression.

CONCLUSION
This study suggests a novel perspective on potential
oesophageal cancer mechanisms as well as novel
pathways for modulating ceRNA networks for treating
cancers.
Key words: Competing endogenous RNA; MicroRNA;
Long non-coding RNA; mRNA; Oesophageal squamous
cell carcinoma
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Competing endogenous RNAs (ceRNAs) may
play a critical role in tumourigenesis, and perturbations
to ceRNA networks would result in the progression
of oesophageal squamous cell carcinoma (ESCC).
However, the role of ceRNAs in ESCC has not been
comprehensively explored. This study was designed to
investigate the expression profiles of microRNAs, long
non-coding RNAs, and mRNAs in ESCC to elucidate an
oesophageal cancer-specific ceRNA network. Our report
reveals potential molecular mechanisms of oesophageal
cancer progression and suggests a novel approach
to cancer therapeutics in the regulation of ceRNA
networks.
Xue WH, Fan ZR, Li LF, Lu JL, Ma BJ, Kan QC, Zhao J.
Construction of an oesophageal cancer-specific ceRNA network
based on miRNA, lncRNA, and mRNA expression data. World J
Gastroenterol 2018; 24(1): 23-34 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v24/i1/23.htm DOI: http://
dx.doi.org/10.3748/wjg.v24.i1.23

INTRODUCTION
Oesophageal squamous cell carcinoma (ESCC) is the
[1]
sixth leading death reason of cancer . According to
the official statistics in America, more than 18000
cases were newly diagnosed with 15000 deaths from
oesophageal cancer in 2014, representing 5% of all
[2]
cancer deaths . Recently, the incidence and mortality
rate of ESCC have decreased in North America and
[3]
Europe . However, ESCC has a significant ethnic
and geographic distribution and it has been highly
prevalent in China and other Asia countries. The
presence of familial aggregation suggests that the risk
factors for ESCC include environmental and genetic
[4]
factors . When ESCC is diagnosed, most patients
have already progressed to be advanced or metastatic.
Thus, as there is no longer an opportunity for radical
surgery, radiation and chemotherapy become the
[5]
major palliative treatments .
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MATERIALS AND METHODS
Data sets and pre-processing

The expression data of miRNAs and mRNAs in 101
oesophageal cancer patients were collected from the
National Center for Biotechnology Information Gene
Expression Omnibus (NCBI) with login numbers
[22]
of GSE45670
(38 patients, http://www.ncbi.
nlm.nih.gov/geo/query/acc.cgi?acc=GSE45670),
[23]
GSE26886
(28 patients, http://www.ncbi.nlm.nih.
Gov/geo/query/acc.cgi?acc=GSE26886), GSE17351
(10 samples, http://www.ncbi.nlm.nih.gov/geo/
[24]
query/acc.cgi?acc=GSE17351), GSE55856
(216
patients, http://www.ncbi.nlm.nih.gov/geo/query/
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[25]

acc.cgi?acc=GSE55856), and GSE66274
(60
patients, http://www.ncbi.nlm.nih.Gov/geo/query/
acc.cgi?acc=GSE66274). Various miRNA targets and
oesophageal cancer data sets were also applied for
assessing the reliability of this approach, aimed to
construct a ceRNA network. Under these circumstances,
we also implanted the expression profiles of 170
matched miRNAs and mRNAs in oesophageal cancer
[26]
patients from TCGA . Annotation information of
lncRNAs was obtained with Affymetrix Human Genome
U133 Plus 2.0 arrays. The network of protein-protein
interactions was constructed using STRING database
system.

values (P < 0.05).

RESULTS
Clustering analysis

We used unsupervised hierarchical clustering analysis in
this study. Cases were organized by clustering analysis
on the basis of immunostaining profiles, and cases
were placed together with similar immune profiles as
neighbouring rows in a clustergram. The dendrogram
was applied to demonstrate the relationship among
cases and immune markers. The branch length of
dendrogram indicated the correlations in immuno
staining results. The unsupervised hierarchical cluster
analysis demonstrated the correlation of expression
maps between biological replicates and group conditions
(Figure 1A-C).

Functional analysis

DAVID (Databases for Annotation, Visualization and
Integrated Discovery) was included to determine the
pathways of KEGG (Kyoto Encyclopedia of Genes
and Genomes) and Gene Ontology (GO) Term biol
ogical processes were enriched with central genes
recommunities in the ceRNA network. P values < 0.05
[27]
indicated enriched gene sets .

Cancer-specific lncRNAs, miRNAs, and mRNAs in ESCC

The inter-connected complexity of physiological, cellular,
and molecular functions has increasingly grown, thus
novel approaches are required to simultaneously
[32]
demonstrate multiple datasets . There are multiple
intersecting regions (generally as circles) in Venn
diagram, which enables the description of all logical
[33]
relations among various data sets . Here, we selected
21 miRNAs from GSE66274 and GSE55856; 228
mRNAs from GSE26886, GSE17351, and GSE45670;
and 31 lncRNAs from GSE26886, GSE17351, and
GSE45670 (Figure 2A-C).

Network visualisation and community detection

The miRNA-lncRNA-mRNA interaction network was
visualised with Cytoscape Software, and topology
analysis was performed with network analyser plugin.
MCODE plugin was also applied (with its default
parameters) to figure out the communities (dense
[28]
clusters) in the network .

mRNA GO analysis in ESCC

Bioinformatics analysis on the associated expressions
of lncRNAs, miRNA, and mRNAs

In the GO database, there are structured, controlled
vocabularies and classifications covering several
molecular and cellular biology domains. GO has been
[34]
applied for the annotation of genes and sequences .
The 228 genes with differential expression were
analysed with the GO database. The enrichment
of these genes was analysed in specific pathways.
Enrichment analysis is used to evaluate the signifi
cance of the function, which helps provide GO terms
[35]
with a more definitive function demonstration . As
shown in Table 1, the most highly enriched GO path
was ‘extracellular matrix organization’. The genes in
‘extracellular matrix organization’ path were MMP3,
MMP10, LAMA3, MMP9, MMP13, COL11A1, BMP7,
MMP12, LAMC2, COL27A1, ITGB4, PDGFRA, ADAMTS2,
IBSP, COL10A1, COL7A1, MMP11, MFAP2, MMP1, and
COL1A1. The second most highly enriched GO path was
‘collagen catabolic process’ (Figure 3).

The single-stranded miRNAs would bind the mRNA
transcripts, thus the post-transcriptional regulation of
mRNA has been set up according to the relationships
[29,30]
among miRNAs, lncRNAs, and mRNAs
. First, the
miRNAs, lncRNAs, and mRNAs which were differentially
expressed between ESCC specimens and corresponding
normal tissues were chosen. The differential expression
of miRNAs, lncRNAs, and mRNAs was identified with
standard selection criteria, which were set at P < 0.05
and fold change > 2. In addition, the co-expression
network of miRNAs, lncRNAs, and mRNAs was con
structed according to the connections among the differ
entially expressed miRNAs, lncRNAs, and mRNAs.

Statistical analysis

Data are expressed as the mean ± SD. Student’s t-test
and analysis of variance were applied in the statistical
analysis for comparing results of two groups and
[31]
multiple groups, respectively . The fold change and
Student’s t-test were applied to analyse the significance
of microarray analysis. P < 0.05 indicated a statistically
significant difference. P value was corrected with false
discovery rate. The differentially expressed lncRNAs,
miRNAs, and mRNAs are expressed as fold change

WJG|www.wjgnet.com

mRNA pathway analysis in ESCC

KEGG systematically interprets sequence data by
computerizing biochemical pathways and other types
[36-38]
of molecular interactions
. The results showed that
the most highly enriched pathway was ‘transcriptional
misregulation in cancer’ (Table 2). The genes in
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mRNA

C
miRNA

Figure 1 Cluster analysis of differentially expressed profiles. A: mRNAs; B: lncRNAs; and C: miRNAs in tumour tissues vs adjacent non-tumour tissues. The
result of hierarchical cluster analysis shows distinguishable expression profiles between samples. The rows show differentially expressed miRNAs, lncRNAs, and
mRNAs, while the columns show three paired samples. Red represents high expression and green represents low expression.

‘transcriptional misregulation in cancer’ pathway were
TCF3, CXCL8, SIX1, IGFBP3, MLF1, PLAU, MEIS1,
HOXA10, MMP9, SIX4, HPGD, and MMP3. The second
most highly enriched pathway was ‘ECM-receptor
interaction’ (Figure 4). The genes in ‘ECM-receptor
interaction’ pathway were ITGB4, COL1A1, COL11A1,
ITGA3, LAMC2, SPP1, LAMB3, and IBSP.

that have the same function are often located in close
to each other and tend to participate in gene-fusion
[40-42]
events
. The database STRING has been used to
[43]
analyse these associations . We input the shared
differential mRNAs from GSE45670, GSE26886, and
GSE17351 into the STRING database. Several nodes
with high degrees were COL27A1, COL7A1, COL1A1,
ITGB4, ITGA3, SERPINE1, MMP1, MMP9, and MMP10
(Figure 5).

Protein regulation network analysis

Protein-protein interactions have been not only
[39]
direct binding, but also indirect actions . Genomic
associations between protein-coding genes are provided
for interring functional links between proteins. Genes
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ceRNA network analysis

CeRNAs share common MRE and hence regulate
RNA transcripts by competitively binding with general
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Table 1 mRNA GO analysis in oesophageal squamous cell carcinoma
Goid
GO:0030198
GO:0030574
GO:0022617
GO:0045944
GO:0007155
GO:0044281
GO:0008285
GO:0001501
GO:0048699
GO:0008284
GO:0007165
GO:0055085
GO:0007566
GO:0048704
GO:0006508
GO:0008544
GO:0048015
GO:0043065
GO:0019369
GO:0006979

GO name

GO diffgene count GO gene count

Extracellular matrix organization
Collagen catabolic process
Extracellular matrix disassembly
Positive regulation of transcription
Cell adhesion
Small molecule metabolic process
Negative regulation of cell prolifer
Skeletal system development
Generation of neurons
Positive regulation of cell prolifera
Signal transduction
Transmembrane transport transmembrane transport
Embryo implantation
Embryonic skeletal system morph
Proteolysis
Epidermis development
Phosphatidylinositol-mediated sign
Positive regulation of apoptotic pr
Arachidonic acid metabolic process
Response to oxidative stress

20
12
11
18
14
23
12
8
4
12
18
13
5
5
12
6
7
8
5
6

210
72
79
708
454
1363
358
127
11
411
1030
538
37
40
488
76
129
197
50
101

Enrichment

P value

FDR

25.11013216
43.94273128
36.71164892
6.7031285
8.130373188
4.449080643
8.837644279
16.60827639
95.87505006
7.69799672
4.607587357
6.370879256
35.62924158
32.95704846
6.483353795
20.81497797
14.30693576
10.70685838
26.36563877
15.6627557

1.54276E-21
3.32314E-16
5.27621E-14
1.3435E-09
1.16162E-08
1.26454E-08
6.42989E-08
1.37682E-07
2.60527E-07
2.89703E-07
4.19668E-07
7.27191E-07
1.18601E-06
1.77383E-06
1.80845E-06
1.95203E-06
2.77867E-06
3.9876E-06
5.53803E-06
1.04573E-05

1.68623E-18
1.8161E-13
1.9223E-11
3.6711E-07
2.30356E-06
2.30356E-06
1.00398E-05
1.88108E-05
3.16396E-05
3.16645E-05
4.16997E-05
6.6235E-05
9.97159E-05
0.000131776
0.000131776
0.000133348
0.000178652
0.000242136
0.000318583
0.000571494

Table 2 mRNA pathway analysis in oesophageal squamous cell carcinoma
Path_id
05202
04512
04510
04151
05146
01100
05200
04810
00590
04115
04060
04974
04666
05205
04610
04611
05132
05222
05323
00564

Path_name

Path_diffgene_count Path_gene_count

Transcriptional misregulation in cancer
ECM-receptor interaction
Focal adhesion
PI3K-Akt signalling pathway
Amoebiasis
Metabolic pathways
Pathways in cancer
Regulation of actin cytoskeleton
Arachidonic acid metabolism
p53 signalling pathway
Cytokine-cytokine receptor interaction
Protein digestion and absorption
Fc gamma R-mediated phagocytosis
Proteoglycans in cancer
Complement and coagulationcasc
Platelet activation
Salmonella infection
Small cell lung cancer
Rheumatoid arthritis
Glycerophospholipid metabolism

12
9
10
12
7
19
11
8
5
5
8
5
5
6
4
5
4
4
4
4

[44]

miRNA molecules . CeRNAs could be relieved from
miRNA-mediated repression and their expression levels
[45]
could be positively modulated . The discovery of
ceRNAs provides many implications for cancer, which
[46]
have already been extensively discussed .
Based on the expression profiles of specific miRNAs,
lncRNAs, and mRNAs in patients with oesophageal
cancer, a ceRNA network was constructed using a
computational method proposed for this study (Figure
[47]
6) and it was drawn with Cytoscape 3.0 . The ceRNA
network has integrated the miRNA-lncRNA-mRNA
interactions by negative regulation.
There are 74 nodes in the oesophageal cancerspecific ceRNA network. The degrees of the hsa-miR-
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179
87
207
345
108
1234
397
214
62
68
265
90
92
203
69
130
86
86
89
95

Enrichment

P value

FDR

17.67528856
27.27479872
12.73702356
9.170656962
17.08883994
4.059539194
7.305340716
9.856313558
21.26261191
19.38649909
7.959438118
14.64757709
14.3291515
7.792799635
15.28442827
10.14063029
12.2630878
12.2630878
11.84972529
11.10132159

2.34961E-11
2.19839E-10
3.3619E-08
4.27632E-08
8.29201E-07
1.27125E-06
1.71545E-06
7.4028E-06
1.62994E-05
2.57756E-05
3.5607E-05
0.000101556
0.000112939
0.000540094
0.000574387
0.000584981
0.001341668
0.001341668
0.001529001
0.001958567

3.94734E-09
1.84664E-08
1.79605E-06
1.79605E-06
2.78612E-05
3.5595E-05
4.11707E-05
0.000155459
0.000304255
0.00043303
0.000543816
0.001421784
0.001459525
0.006142299
0.006142299
0.006142299
0.01252223
0.01252223
0.01351959
0.016451962

93-5p, hsa-miR-34c-5p, and hsa-miR-18a-3p nodes
were 14, 12, and 11, respectively. The density of our
ceRNA network was confirmed with the high degree
of nodes, suggesting common competitions among
RNAs for oesophageal cancer. The modes degree was
also observed to follow power law distribution. For
miRNAs, the expression of hsa-miR-196b-5p, hasmiR-34c-5p, and has-miR-18a-3p were up-regulated.
However, the expression levels were down-regulated
for has-miR-30a-3p, has-miR-150-5p, and has-miR133a-3p. All these analysis results suggest the scalefree ceRNA network in oesophageal cancer and
the biological significance may be reflected by the
topological structures including the hubs, nodes, and
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Figure 2 Venn diagram analysis of differentially expressed genes in comparison groups. A: miRNAs; B: mRNAs; C: lncRNAs.
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Extracellular matrix organization
Collagen catabolic process
Extracellular matrix disassembly
Positive regulation of transcription from RNA polymerase II promoter
Cell adhesion
Small molecule metabolic process
Gene ontology category

Negative regulation of cell proliferation
Skeletal system development
Generation of neurons
Positive regulation of cell proliferation
Signal transduction
Transmembrane transport
Embryo implantation
Embryonic skeletal system morphogenesis
Proteolysis
Epidermis development
Phosphatidylinositol-mediated signaling
Positive regulation of apoptotic process
Arachidonic acid metabolic process
Response to oxidative stress
Metanephric mesenchyme development
Multicellular organismal development
Ossification

Figure 3 Top 23 GO enrichment terms for differentially expressed intersection mRNAs. GO analysis of the common differentially expressed mRNAs was
performed.

communities.

Cox proportional hazards regression model (P < 0.05).
Among the six significant mRNAs, the overall survival
was negatively related to five mRNA transcripts (STC2,
SLC6A1, MMP12, EPCAM, and EPB411L4B) (P < 0.05)
while positively associated with the remaining mRNA
transcript (LAMC2) (P < 0.05) (Figure 7A-F).

mRNA survival curves

To further identify the key mRNAs that were associated
with prognostic characteristics in 170 ESCC patients,
the overall survival was profiled with the univariate

WJG|www.wjgnet.com

28

January 7, 2018|Volume 24|Issue 1|

Xue WH et al . Construction of an oesophageal cancer-specific ceRNA network
Shard Diff Gene Sig Pathway
0
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Metabolic pathways
Pathways in cancer
Pathway
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Glycerophospholipid metabolism
Bladder cancer
TNF signaling pathway
Serotonergic synapse

Figure 4 Top 23 pathway enrichment terms for differentially expressed intersection mRNAs. KEGG pathway analysis of the common differentially expressed
mRNAs was performed.

these results are relevant to the further development of
treatments for oesophageal cancer.
Based on Kaplan-Meier analysis, overall survival
was negatively related to five mRNA transcripts (STC2,
SLC6A1, MMP12, EPCAM, and EPB41L4B) (P < 0.05)
and it was positively associated with the remaining
mRNA transcript (LAMC2) (P < 0.05). These mRNAs
could be candidate and specific biomarkers for the
diagnosis, prognosis, and classification of ESCC.
In this research, a computational approach has
been proposed for the construction of ceRNA network
based on existing data of esophageal cancer. In this
network, the junction nodes indicate paired gene
pair in competing mRNA library. We observed that
the ESCC-specific ceRNA network is scale-free, and
the dense clusters in the network are associated with
promising markers. The results of mRNA pathway
analysis showed that the most highly enriched
pathway was transcriptional misregulation in cancer.
In addition, overall survival was negatively related
to the genes STC2, SLC6A1, MMP12, EPCAM, and
EPB41L4B, while it was positively associated with
LAMC2. These confirmed results suggested that the

DISCUSSION
It is necessary to explore ceRNA cross-talk across
[48]
multiple cancer types . TCGA was formed to meet
these needs and its vast data sets provide us with an
unprecedented opportunity to systematically analyse
the ceRNA network in cancer. These interesting
findings led us to construct an oesophageal cancerspecific ceRNA network.
In this work, clustering analysis, mRNA GO analysis,
mRNA pathway analysis, and protein regulation
network analysis in ESCC were conducted to construct
the ceRNA network. The results showed that the
most highly enriched GO path was ‘extracellular
matrix organization’. The genes in ‘extracellular matrix
organization’ path were MMP3, MMP10, LAMA3, MMP9,
MMP13, COL11A1, BMP7, MMP12, LAMC2, COL27A1,
ITGB4, PDGFRA, ADAMTS2, IBSP, COL10A1, COL7A1,
MMP11, MFAP2, MMP1, and COL1A1. Advances in
structural genomics will make it possible to reveal the
complete genome sequence of hundreds of organisms.
The ceRNA network analysis indicated that the degree
of has-miR-93-5p as an up-regulated gene was 14. All
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Figure 5 Protein regulation network analysis. The protein-protein interaction networks were constructed by Cytoscape Software. Proteins are represented with
colour nodes, and interactions are represented with edges.

biological mechanism of ESCC could be discovered
with the constructed ceRNA network. Importantly,
a simple framework has been provided in our work
for the construction of a ceRNA network, which can
be used to a variety of biological issues, such as
ESCC and its biological processes. In short, cancerspecific miRNAs, lncRNAs, and mRNAs in ESCC can
be successfully identified in the present study by
bioinformatics analysis from large scale samples.
Moreover, understanding the ceRNA network in ESCC
may reveal potential intended targets for cancer subpopulations or across cancers. This work suggests
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new approaches for studying the role and mechanism
of ceRNAs in human cancers using publicly available
genomic data.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Oesophageal squamous cell carcinoma (ESCC) is one of the most prevalent
forms of oesophageal cancer, and its development is closely related to the
abnormal expression of not only protein-encoding mRNAs, but also non-coding
RNAs. Competitive endogenous RNAs (ceRNAs) regulatory networks include
mRNAs, miRNAs, lncRNAs, and circular RNAs, which participate in the cancer
pathogenesis by regulating each other’s expression. However, their function
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Figure 6 The lncRNA-miRNA-mRNA ceRNA network. The rectangles indicate miRNAs and circles represent mRNAs. The red indicates up-regulation and green
indicates down-regulation.
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Figure 7 Kaplan-Meier survival curves for eight mRNAs associated with overall survival. Log-rank tests were performed to evaluate the survival differences
between the two curves. Horizontal axis: Overall survival time, days; Vertical axis: Survival function.

WJG|www.wjgnet.com

31

January 7, 2018|Volume 24|Issue 1|

Xue WH et al . Construction of an oesophageal cancer-specific ceRNA network
has not been clarified in ESCC. Therefore, construction of a ceRNA network for
ESCC may help to study the biological mechanisms of this malignancy.

matrix organization’, which was associated with ESCC. By examining the
ceRNA network, the node degrees were observed to follow a power law
distribution. The expression of hsa-miR-196b-5p, has-miR-34c-5p, and hasmiR-18a-3p was up-regulated. However, the levels of has-miR-30a-3p, hasmiR-150-5p, and has-miR-133a-3p were down-regulated. The ceRNA network
is associated with cancer progression. The understanding of ceRNA networks
in ESCC may help uncover unexpected potential therapeutic targets that would
be available in cancer sub-populations or across cancers.

Research motivation

It is necessary to explore the CeRNA cross-talk across multiple cancer types.
These issues have been addressed by TCGA, which provides large data sets
enabling us with an unprecedented opportunity to synthetically explore the
ceRNA network for various cancers. These findings led us to construct an
oesophageal cancer-specific ceRNA network. The present study found that
there were mRNAs, miRNAs, and lncRNAs in the ceRNA regulatory network,
which might play a critical role in ESCC, and the abnormality in ceRNA
regulatory networks would lead to the initiation and progression of ESCC.

Research perspectives

Understanding the ceRNA network is of significance in identifying potential
therapeutic targets for ESCC. Our study focuses on the function and
mechanism of ceRNAs in ESCC using publicly available genomic data.

Research objectives

Clustering analysis, mRNA GO analysis, mRNA pathway analysis, and protein
regulation network analysis in oesophageal squamous cell carcinoma were
conducted to construct a ceRNA network. These confirmed results suggested
that the biological mechanisms in the development of ESCC may be indeed
associated with the ceRNA network. Importantly, a simple framework was
proposed in this study for constructing ceRNA networks in various biological
processes including the study on ESCC.
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To investigate the effects of combined use of emodin
and baicalein (CEB) at the cellular and organism levels
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in severe acute pancreatitis (SAP) and explore the
underlying mechanism.

taurocholate-induced vacuole formation in pancreatic acinar cells.
World J Gastroenterol 2018; 24(1): 35-45 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i1/35.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i1.35

METHODS
SAP was induced by retrograde infusion of 5%
sodium taurocholate into the pancreatic duct in 48
male SD rats. Pancreatic histopathology score, serum
amylase activity, and levels of tumour necrosis factor
alpha (TNF-α), interleukin 6 (IL-6), and IL-10 were
determined to assess the effects of CEB at 12 h after
the surgery. The rat pancreatic acinar cells were
isolated from healthy male SD rats using collagenase.
The cell viability, cell ultrastructure, intracellular free
2+
Ca concentration, and inositol (1,4,5)-trisphosphate
receptor (IP3R) expression were investigated to assess
the mechanism of CEB.

INTRODUCTION
Severe acute pancreatitis (SAP) is a debilitating disease
that is characterized by an acute onset, serious com
[1]
plications, and significant morbidity and mortality .
Currently, the somatostatin analogue octreotide is the
[2,3]
most frequently used drug in SAP therapy . However,
not all patients are treated with octreotide due to its
short half-life in vivo and high cost. Identifying other
safe, effective, and inexpensive drugs for the treatment
of SAP remains necessary.
Traditional Chinese medicines (TCMs) have shown
efficacy in the management of many inflammatory
[4]
diseases . The most famous formula for the treatment
of SAP is Qingyi decoction, which is composed of
rheum, Chinese thorowax root, white peony root,
baikal skullcap root, coptis chinensis, and other herbs
and has been advocated for more than one hundred
[5,6]
years in China
. Qingyi decoction has exhibited
good therapeutic effects in individuals with SAP in
[7-9]
many clinical and pre-clinical studies . However, use
of this decoction is limited because patients are not
allowed access to food and water in the acute stage.
Furthermore, the formulation of this TCM is difficult to
standardize due to the large number of herbs in one
decoction. Guided by the theories of TCM and modern
medicine and the compatibility of herbs, we refined
Qingyi decoction and combined emodin and baicalein
into “Compound Emodin and Baicalein” (CEB, patent
No. ZL200310105814.3).
Emodin and baicalein are the active ingredients in
rheum and baikal skullcap root and have an identified
[10,11]
chemical constitution
. Emodin has been reported
[12]
to block the development of SAP . In our previous
study, we were the first to show that baicalein pro
tected against pancreatic injury in rats with SAP
and exhibited inhibitory effects on pro-inflammatory
[11]
cytokine production . Furthermore, CEB had a be
neficial effect on SAP in rats, which is similar to the
[13-15]
effect of octreotide
. However, the underlying
mechanisms remain unknown. We aimed to investigate
the above problems, which are crucial for the study
and development of CEB. Here, we report that CEB
exhibited a good effect on SAP rats, decreased the
serum levels of pro-inflammatory cytokines, and
increased the levels of anti-inflammatory factors in
vivo. CEB attenuated inositol (1,4,5)-trisphosphate
receptor (IP 3R) mRNA expression and inhibited
calcium overload in pancreatic acinar cells. Therefore,
we suggest that CEB might be a novel drug for SAP
treatment in the future.

RESULTS
Pancreatic histopathology score (2.07 ± 1.20 vs 6.84 ±
1.13, P < 0.05) and serum amylase activity (2866.2 ±
617.7 vs 5241.3 ± 1410.0, P < 0.05) were significantly
decreased in the CEB (three doses) treatment group
compared with the SAP group (2.07 ± 1.20 vs 6.84 ±
1.13, P < 0.05). CEB dose-dependently reduced the
levels of the pro-inflammatory cytokines IL-6 (466.82 ±
48.55 vs 603.50 ± 75.53, P < 0.05) and TNF-α (108.04
± 16.10 vs 215.56 ± 74.67, P < 0.05) and increased
the level of the anti-inflammatory cytokine IL-10 (200.96
± 50.76 vs 54.18 ± 6.07, P < 0.05) compared with
those in the SAP group. CEB increased cell viability,
2+
inhibited cytosolic Ca concentration, and significantly
ameliorated intracellular vacuoles and IP 3 mRNA
expression compared with those in the SAP group (P
< 0.05). There was a trend towards decreased IP3R
protein in the CEB treatment group; however, it did not
reach statistical significance (P > 0.05).
CONCLUSION
These results at the cellular and organism levels reflect
a preliminary mechanism of CEB in SAP and indicate
that CEB is a suitable approach for SAP treatment.
Key words: inositol (1,4,5)-trisphosphate receptor;
Severe acute pancreatitis; Calcium overload; Emodin;
Baicalein; Pancreatic acinar cell
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: combined use of emodin and baicalein (CEB)
was found to act on key aspects of severe acute
pancreatitis (SAP) pathogenesis; it regulated inflam
matory factors and inhibited calcium overload, which
underlie this synergy. These results at the cellular and
organism levels reflect a preliminary mechanism of CEB
in SAP and indicate that the development of CEB is
promising for the treatment of patients with SAP.
Li J, Zhou R, Bie BB, Huang N, Guo Y, Chen HY, Shi MJ,
Yang J, Zhang J, Li ZF. Emodin and baicalein inhibit sodium
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with a 3.5 mg/kg dose of baicalein; the middle-dose
group received a 3.2 mg/kg dose of emodin combined
with a 7 mg/kg dose of baicalein; and the high-dose
group received a 6.4 mg/kg dose of emodin combined
with a 14 mg/kg dose of baicalein). An additional 24
normal SD rats were separated into two groups: a
normal group and a sham operation (SO) group. The
normal group did not undergo the procedure. In the
SO group, the incisions were closed immediately after
turning over the pancreas. CEB was injected via the
tail vein to animals of the three CEB treatment groups
immediately after surgical operation. SO and SAP
rats were given the same amount of normal saline.
Pancreatic histopathology score, serum amylase
activity, and levels of tumour necrosis factor-alpha
(TNF-α), interleukin (IL)-6, and IL-10 were determined
12 h after the surgery.

Table 1 Criteria for microscopic assessment
Histological pattern
Edema

Inflammatory infiltration

Fat necrosis

Parenchymal necrosis

Hemorrhage

Assessment

Score

Mild
Moderate
Severe
Mild
Moderate
Severe
< 2/section
3-5/section
> 5/section
Focal (< 5%)
And/or sublobular (< 20%)
And/or lobular (> 20%)
Mild
Moderate
Severe

1
2
3
1
2
3
3
5
7
3
5
7
3
5
7

MATERIALS AND METHODS

Histology

The pancreatic tissue was fixed in 4% paraformalde
hyde for 24 h, dehydrated, and embedded in paraffin
[11]
using a routine protocol as previously described .
The embedded tissue was sliced at a 4-μm thickness
and stained using haematoxylin and eosin (H&E). The
histology scores of the sections were independently
evaluated by two experienced investigators who were
blinded to the group assignment. Ten random fields
per slide were examined in the histopathological
analysis of each pancreas. The grading criteria were as
follows: oedema, acinar necrosis, haemorrhage, and
inflammatory cell infiltration (Table 1). The final score
of each section was the summation of each pathological
[17]
parameter . Finally, the mean ± SD was calculated (2
slides/rat, ≥ 6 rats/group).

Animals

Adult male Sprague-Dawley (SD) rats (weighing 220
± 10 g) were obtained from the Experimental Animal
Center of Xi’an Jiaotong University Health Science
Center and were housed at 23 ± 2 ℃ under a 12-h
light/dark cycle. The animals were fasted overnight
before the start of the experiments with free access
to water. All animal procedures were approved by
the Institutional Animal Care and Use Committee of
Xi’an Jiaotong University Health Science Center and
performed according to the National Guide for the Care
and Use of Laboratory Animals.

Induction of SAP

SAP was induced via a retrograde infusion of 5%
sodium taurocholate into the pancreatic duct as
[16]
previously described . The animals were anaesthe
tized with sodium pentobarbital (50 mg/kg, SigmaAldrich), and the abdomen was opened via a midline
incision. First, we identified the common bile duct and
duodenum. The pancreatic bile duct was occluded
with two microvascular clamps to prevent reflux. In
total, 5% sodium taurocholate was injected into the
pancreatic duct at a dose of 0.1 ml/100 g body weight
(at an injection velocity of 0.1 ml/min). Then, the
injection site was pressed for 3 min and the surgery
was completed by abdominal stratified closing. Special
attention was focused on the atraumatic surgical
technique. The humane killing was performed 12 h
after the operation to determine the severity of SAP.

Enzyme activity and cytokine level measurement

Serum amylase activity was measured using an
automatic biochemistry analyser (Roche, Basel,
Switzerland). Serum IL-6, TNF-α, and IL-10 levels
were determined using enzyme-linked immunosorbent
assay kits (Neobioscience Biotech, Shenzhen, China
and eBioscience, San Diego, USA) according to the
manufacturers’ protocols. The absorbance was read at
450 nm (620 nm as the reference wavelength) using
a microplate reader (BioTek Inc., Winooski, VT, United
States).

Isolation of pancreatic acinar cells from healthy rats

Pancreatic acinar cells were isolated as described
[18]
by Williams et al
with slight modifications. Briefly,
the pancreas was incubated with 5 ml of diges
tion solution, consisting of collagenase (NB8 Broad
Range, 0.1 g/L, Serva) and a trypsin inhibitor (0.1
g/L, Sigma). The digestion solution was injected (at
multiple loci) into the pancreatic parenchyma until it
was well distended. After 10 min, the pancreas was cut
into 2-4-mm pieces, followed by shaking for 15 min

Therapeutic effects of CEB

In total, SAP was induced in 48 SD rats via a
retrograde injection of 5% sodium taurocholate into
the common biliopancreatic duct. All SAP rats were
randomly divided into four groups, including an SAP
model group and three CEB groups (the low-dose
group received a 1.6 mg/kg dose of emodin combined
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in a 37 ℃ water bath (120 cycles per minute). Next,
5 ml of fresh digestion solution was added to the
pancreas. The digestion period was repeated 3 times,
and the liquids were then collected and combined. The
tissue was then gently pipetted through the pipette
tip. After the filtration and centrifugation, the resultant
cell pellet was resuspended in the culture medium and
preincubated at 37 ℃ for 30 min for the subsequent
experiments. All obtained pancreatic acinar cells were
identified under a transmission electron microscope.

10 min. The cell suspension was washed once with PBS
and incubated with fluo-3 AM (5 μmol/L, Invitrogen)
for 30 min in the dark, followed by three washes
with PBS. Then, 2 mL of PBS were added to the
cells and incubated for an additional 30 min. Sodium
taurocholate (1 mmol/L) was added to the cells as a
stimulus. The cells were imaged on a live cell imaging
2+
system to assess the cytosolic Ca concentration using
fluo-3 AM (488 nm) immediately after the stimulus
was applied, and the recording time was maintained
at 60 s. The fluorescence intensity represented the
2+
relative intracellular Ca concentration.

Cell viability assay

The cells were incubated with various concentrations of
sodium taurocholate (final concentrations of 1, 2, 4, 6,
8, and 10 mmol/L) for 10, 20, 30, 40, and 50 min. The
[19]
cell viability was determined using an MTT assay
to identify an appropriate concentration of sodium
taurocholate for subsequent cell experiments.
The pancreatic acinar cells were divided into
three groups, including a control group, an SAP model
group, and a CEB group. The effects of CEB on the
cell viability were determined using an MTT assay.
The cells were preincubated with or without CEB
(final concentration of 3.3 μmol/L) for 10 min prior
to sodium taurocholate (final concentration of 8 mM)
irritation. After an additional 30 min incubation with
sodium taurocholate, the cell viability was measured
using an MTT assay. The normal cells were treated
with different concentrations of CEB (1.65, 3.3, 6.6,
13.2, 26.4, 52.8, and 105.6 μmol/L), and an MTT
assay was performed. All experiments were performed
in triplicate and repeated at least three times.
The cells were preincubated with various con
centrations of CEB (final concentrations of 1.65, 3.3,
6.6, 13.2, 26.4, 52.8, and 105.6 μmol/L) for 30 min.
The optical density value was detected using an MTT
assay to assess the reliability of CEB at the cellular
level.

Detection of IP3R expression

The cells were stimulated with sodium taurocholate
as described above, immediately followed by washing
with PBS and pelleting by centrifugation at 200 g
for 1 min. Total RNA and protein were purified from
the acinar cells according to the manufacturer’s
instructions (Ambion, Pierce). The protein and mRNA
levels of IP3R were quantified by RT-PCR and Western
[20]
blot, respectively, as previously described .

Statistical analysis

The assays were performed in triplicate. All data are
expressed as mean ± SD. Statistical comparisons
were performed using t-tests or analysis of variance
with SPSS 19.0 (SPSS Inc.). A P-value < 0.05 was
considered statistically significant.

RESULTS
CEB protects against pancreatic injury in SAP rats

The SO group showed an entirely normal acinar archi
tecture. The SAP group demonstrated pancreatic injury
characterized by gross tissue oedema, sublobular
haemorrhage, cell lysis associated with obvious
neutrophil infiltration, and parenchymal necrosis.
Treatment with CEB ameliorated pancreatic injury and
decreased the histopathology score (Figure 1A and B, P
< 0.05).

Cell ultrastructural observation

The cells were pre-treated with or without CEB (final
concentration of 3.3 μmol/L) for 10 min. Sodium tau
rocholate (1 mmol/L) was added to the cells as a
stimulus for 1 min, immediately followed by washing
with the PBS buffer, pelleting by centrifugation at
200 g for 1 min, and fixing using 2.5% prechilled
glutaraldehyde at 4 ℃ for 24 h. The samples were then
immersed in 1% osmium tetroxide at room temperature
for 2 h and then uranyl acetate for the same period.
The cells were dehydrated in serial solutions of ethanol
and acetone before being embedded in epoxy resins.
Then, 50-nm ultrathin sections were stained with lead
citrate and mounted on 200-mesh copper grids. The
cell ultrastructure was observed under a Hitachi H-7650
(Tokyo) transmission electron microscope.

CEB alleviates amylase activity and inflammatory
response in SAP rats

Serum amylase activity and levels of IL-6, TNF-α, and
IL-10 in the SAP group were significantly increased
compared to those in the SO group. Treatment with
CEB decreased serum amylase activity and TNF-α
level but increased the level of IL-10 at all the three
doses (Figure 1C and D, P < 0.05). CEB decreased
serum IL-6 level in SAP rats at high and middle doses
(Figure 1D, P < 0.05). There was also a trend towards
decreased IL-6 level at low dose; however, it did not
reach statistical significance.

Intracellular free Ca2+ measurement

CEB increases the viability of sodium taurocholatestimulated acinar cells

Isolated pancreatic acinar cells were pre-treated with
or without CEB (final concentration of 3.3 μmol/L) for
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Figure 1 Therapeutic effects of combined use of emodin and baicalein on severe acute pancreatitis rats. Animals received CEB or an equal amount of saline
injection after the SAP induction. CEB at high, middle, and low doses was administered immediately after the SAP induction. Animals were sacrificed 12 h after the
SAP induction and were assessed for (A) representative images of pancreatic histopathology in all groups (H&E, ×100). (a) Control group; (b) SO group; (c) SAP
group; (d) CEB high-dose group; (e) CEB middle-dose group; (f) CEB low-dose group. B: Histopathology score evaluation; C: Serum amylase; D: Serum cytokines.
The data represent the mean ± SD. aP < 0.05 vs the control group; cP < 0.05 vs the SAP group.

with 1 mmol/L sodium taurocholate, major changes
were observed in the cellular ultrastructure, including
the rupture of the plasmalemma, formation of
abnormal vacuoles in the cytoplasm, dilatation and
degranulation of the ER, lysis of the membranes of
the rough ER, and a marked reduction in the density
of the normal ZGs (Figure 2D, b and e). In cells that
were preincubated with 3.3 μmol/L CEB for 10 min,
the vacuolization, cytolysis, and degranulation of the
ER were significantly alleviated (Figure 2D, c and f).

Table 2 The duration of cells sustained at high calcium
concentration
Group

Duration of cells sustained at high calcium concentration (s)

Control
SAP
CEB

0 ± 0.03
30 ± 1.77a
5 ± 1.80c

a

P < 0.05 vs control group; cP < 0.05 vs SAP group. SAP: Severe acute
pancreatitis; CEB: Combined use of emodin and baicalein.

a decrease in cell viability (Figure 2A, P < 0.05). Cell
viability decreased in a dose- and time- dependent
manner after sodium taurocholate treatment. Compared
to the control group, cell viability was decreased in
the SAP group. Pretreatment with CEB could increase
the viability of cells treated with 8 mmol/L sodium
taurocholate and showed dose-dependent protective
effects at 1.65-3.3 μmol/L (Figure 2B, P < 0.05).
Moreover, CEB alone had no adverse effect on the
normal cells at either low or high concentration (Figure
2C, P > 0.05).

CEB decreases cytosolic Ca2+ concentration and downregulates expression of IP3R

In the control group, there was no change in the cell
fluorescence intensity over time (Figure 3A and B,
a). In the SAP group, the cell fluorescence intensity
immediately increased within 2 s of adding the irritant
sodium taurocholate to the cells compared with that
before the stimulation. The cell fluorescence intensity
2+
lasted for 30 s at a high Ca concentration and then
began to decline (Figure 3A and B, b). In the CEB
group, the cell fluorescence intensity increased within
the first 2 s after the sodium taurocholate suscitation
and was sustained by the high calcium concentration
for 5 s before beginning to decline (Figure 3A and B, c).
Thus, the duration during which the cells survived in a
2+
high Ca plateau decreased in the CEB preincubated
cells compared to that in the cells that were not
preincubated with CEB (Table 2, P < 0.05).
Compared with the control group, the three isoforms
of IP3R mRNA and IP3R protein were increased in the
SAP group. CEB preincubation caused a significant
decrease in the mRNA expression of the three IP3R
isoforms (Figure 4A, P < 0.05). In the presence of CEB,
there was also a trend towards decreased IP3R protein;
however, it did not reach statistical significance (Figure

CEB alleviates sodium taurocholate-induced
intracellular vacuole formation

The normal cells showed characteristics that are
typical of secretory polarized cells, including slick
plasmalemma and a roundish nucleus in the basal
region of the cell. The rough endoplasmic reticulum
(ER) was abundant and arranged in the parallel
cisternae in the basal region, and numerous ribosomes
were present on the membrane of the ER. Many
zymogen granules (ZGs) were observed in the
apical region of the cell. The mitochondria exhibited
a spherical shape, and well-developed cristae were
observed in the basal region of the cell (Figure 2D, a
and d). In the SAP group, after the 1-min stimulation

WJG|www.wjgnet.com

40

January 7, 2018|Volume 24|Issue 1|

Li J et al . Emodin and baicalein inhibit vacuole formation

B

Cell viability (% of control)

100
80
60
40
20
0

0

2
4
6
8
10
Sodium taurocholate (mmol/L)

min
min
min
min
min

C
100
80
60
40

0.3
0.2
0.1

20
0

0.5
0.4

OD value

10
20
30
40
50

Cell viability (% of control)

A

0

2

4

6

50 100

CEB concentration (μmol/L)

0.0

0

20

40
60
80
100
CEB concentration (μmol/L)

120

D
a

b

c

d

e

f

Figure 2 CEB alleviates cell injury in pancreatic acinar cells. A: The cell viability decreased in a concentration- and time-dependent manner after sodium
taurocholate treatment. B: CEB pretreatment increased the viability of cells treated with 8 mM sodium taurocholate and showed dose-dependent protective effects at
1.65-3.3 μmol/L. C: CEB alone had no adverse effect on normal pancreatic acinar cells at either low or high concentration, which suggested its reliability at the cellular
level. D: Ultrastructure of pancreatic acinar cells. (a and d) Normal acinar cells showed ZGs concentrated in the apical pole of the cell, slick plasmalemma, and a
roundish nucleus in the basal region of the cell. The rough ER was abundant and arranged in the parallel cisternae in the basal region, and numerous ribosomes were
present on the membrane of the ER. (b and e) Acinar cells after a 1-min stimulation with sodium taurocholate. Plasmalemma was ruptured, and vacuoles accumulated
in the cytoplasm. The ER was dilated and degranulated with lytic membranes. The ZG density also showed a marked reduction. (c and f) Acinar cells preincubated
with CEB for 10 min. Vacuolization, cytolysis, and degranulation of ER were significantly alleviated (a-c, ×5000; d-f, ×30000).

4B and C, P > 0.05).

comprising emodin and baicalein, which we call
[13,14]
CEB
. The components of CEB are the monomers
emodin and baicalein, and the properties of CEB
include clear configuration, controllable quality, and
therapeutic effects following an intravenous injection
in SAP rats; thus, CEB could be further developed
for the treatment of patients with SAP and is worth
further investigation. Our previous study has shown
that the combination of emodin and baicalein exhibits
[13,15]
good efficacy in SAP rats
. However, the specific
mechanism remains unknown.

DISCUSSION
The famous TCM Qingyi decoction has been shown
[5,7]
to have clinical benefits in the treatment of SAP .
However, the challenges associated with its oral ad
ministration, complex components, and difficult-tocontrol quality limit its application and formulation.
We refined Qingyi decoction and devised a compound
formula with independent intellectual property rights,
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Figure 3 CEB inhibits sodium taurocholate-induced Ca2+ overload in isolated pancreatic acinar cells. Cell fluorescence intensity represents the cell calcium
concentration. A: Dynamic change in the calcium concentration induced by sodium taurocholate was inhibited by CEB: (a) Unaltered fluorescence intensity over
time in the control group. (b) Cell fluorescence intensity was strengthened immediately within 2 s of the sodium taurocholate irritation and lasted at a high calcium
concentration for 30 s, followed by a decrease in the SAP group. (c) Cell fluorescence intensity was increased within the first 2 s after the sodium taurocholate
suscitation, was sustained at a high calcium concentration for 5 s, and then began to decrease in the CEB group. B: Cell images at representative time points. (a)
Control group. (b) SAP group. (c) CEB group.

The pathogenesis of SAP remains poorly under
[21]
stood . One hypothesis posits that inflammatory
[22]
reactions are crucial for the pathogenesis of SAP .
Local inflammatory reactions in the pancreas lead to
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systemic inflammatory response syndrome (SIRS)
and multiorgan failure (MOF), which is believed to
[23]
be the primary cause of mortality . TNF-α and IL-6
are known principal pro-inflammatory cytokines that
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Figure 4 CEB decreases the expression of IP3R in pancreatic acinar cells. A: Effects of CEB on the mRNA expression of three isoforms of IP3R (P < 0.05). B and
C: CEB caused a reduced trend of IP3R protein expression but showed no significant difference (P > 0.05). aP < 0.05 vs the control group; cP < 0.05 vs the SAP group.

participate in the initiation and progression of SAP
and have been identified as the key cytokines media
[11]
ting pancreatitis-associated lung injury . IL-10 has
important anti-inflammatory activities and is strongly
[24]
associated with the severity of SAP . IL-10 is believed
to play a protective role in SAP. In our study, we
similarly found that serum levels of IL-6, TNF-α, and
IL-10 were considerably higher in the SAP group than
in the SO group. CEB reduced the pro-inflammatory
cytokines IL-6 and TNF-α and increased the antiinflammatory cytokine IL-10 after the induction of SAP.
The pathological diagnosis is a significant index
for evaluating the severity of SAP. Amylase activity is
an enzymatic marker, and the serum amylase test is
routinely performed for the clinical diagnosis of SAP.
In this study, CEB significantly alleviated pancreatic
injury and decreased pancreatic histopathology score
in the SAP model. Therefore, we conclude that CEB
can down-regulate the pro-inflammatory cytokines
IL-6 and TNF-α, up-regulate the anti-inflammatory
cytokine, and decrease the serum amylase activity,
thus reducing the pathologic score and ameliorating
pancreatic injury. Therefore, the therapeutic effect of
CEB on SAP warrants further study.
2+
Ca overload is the earliest crucial event in the
[25]
pathogenesis of many diseases . In pancreatic
2+
acinar cells, pathological Ca overload is a critical
trigger that initiates cell injury due to sustained
2+
global Ca elevations, resulting in enzyme activation,
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vacuolization, and necrosis, all of which are crucial for
[26]
the development of pancreatitis . Emodin can inhibit
[27]
pancreatic enzyme levels and calcium channels .
Baicalein has been reported to have antibacterial,
antiviral, anti-inflammatory, and calcium blocker pro
[11,28]
perties in cardiomyocytes
. However, whether
2+
CEB can inhibit Ca overload during the development
of SAP remains unclear. We used pancreatic acinar
cells prepared from healthy rats that were induced by
sodium taurocholate as an SAP model at the cellular
level and observed the effect of CEB. In our study,
2+
sodium taurocholate exerted a cellular Ca overload,
leading to decreased cell viability, intracellular vacuole
formation, and cellular injury. However, CEB inverted
this impairment and did not show a cytotoxic effect in
normal acinar cells, revealing its safety and hinting at
the mechanism of CEB action.
2+
IP3R is a principal Ca -releasing channel that is
concentrated in the ER membrane, and the opening
of this channel is coordinated by the binding of IP3
2+
and the activation of gated Ca channels that release
2+
intracellularly stored Ca from the ER to regulate the
2+
[29]
cellular Ca environment . In our study, at the cellular
level, CEB decreased the sodium taurocholate-induced
2+
intracellular Ca and IP3R mRNA expression in isolated
rat pancreatic acinar cells. Thus, CEB exerts effects
on the inhibition of the acinar cell calcium overload,
possibly representing its underlying mechanism in
SAP cells. The protein expression changes required a
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organism levels in SAP. CEB is promising for the treatment of patients with
SAP.

certain amount of time. To detect the calcium changes,
we performed the observations 60 s after the sodium
taurocholate stimulation, which may explain why the
IP3R protein expression showed a slight decline and no
statistical significance in the CEB group compared with
that in the SAP group.
In summary, CEB was found to act on the key
aspects of SAP pathogenesis and resulted in the
regulation of inflammatory factors and the inhibition of
calcium overload, which underlie this synergy. These
results at the cellular and organism levels reflect a
preliminary mechanism of CEB in SAP and suggest
potential clinical benefits. Although research on CEB
remains at the preclinical level, and data on its use in
humans are lacking, CEB may be a potential future
treatment for SAP, suggesting that further studies are
needed.

Research perspectives

From this study, the characteristics of abundance, low cost, and safety of
traditional Chinese medicine in SAP therapy should catch our attention. We
think that the potential of traditional Chinese medicine in SAP therapy will be
the direction of the future research. In our opinion, the SAP animal model and
the isolated pancreatic acinar cells will always be the main avenues in this
study.
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Abstract
AIM
To measure the leptin levels in patients with diarrheapredominant irritable bowel syndrome (IBS-D) and
analyze the relationship of leptin with clinical features,
visceral sensitivity, mast cells, and nerve fibers.

Institutional review board statement: The study protocol
was approved by the China-Japan Friendship Hospital Ethics
Committee (no. 2015-33) and conducted in accordance with the
Declaration of Helsinki.
Informed consent statement: All study participants, or their
legal guardian, provided written informed consent prior to study
enrollment.

METHODS
Forty-two patients with IBS-D fulfilling the Rome Ⅲ
criteria and 20 age- and sex-matched healthy controls
underwent clinical and psychological evaluations using
validated questionnaires (including IBS Symptom
Severity Scale, IBS-specific Quality of Life, Hamilton
Anxiety Scale, and Hamilton Depression Scale), along
with colonoscopy, colonic mucosal biopsy, and visceral
sensitivity testing. Serum leptin levels were assayed
using enzyme-linked immunosorbent assay. Mucosal
leptin expression and localization were evaluated using
immunohistochemistry and immunofluorescence.
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reviewers. It is distributed in accordance with the Creative
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work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
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Mucosal leptin mRNA levels were quantified using
quantitative real-time reverse transcription polymerase
chain reaction. Mast cell counts and activation rates
were investigated by toluidine blue staining. Correlation
analyses between these parameters were performed.

with the defecation sensation threshold and maximum
tolerance threshold during visceral sensitivity testing.
Increased levels of mucosal leptin may interact with
mast cells and the nervous system to contribute to the
pathogenesis of IBS-D.

RESULTS
There were no statistically significant differences in
age, gender, or body mass index between the IBS-D
group and the control group. The median IBS Symptom
Severity Scale score in the IBS-D group was 225.0
(range, 100-475). IBS-D patients had significantly
increased anxiety [IBS-D: median, 6.5; interquartile
range (IQR), 3.3; control: median, 2.0; IQR, 2.0; P <
0.001] and depression (IBS-D: median, 7.0; IQR, 3.0;
control: median, 3.0; IQR, 2.0; P < 0.001) scores. IBS-D
patients had significantly lower first sensation threshold
(IBS-D: median, 50.6; IQR, 25.9; control: median, 80.5;
IQR, 18.6; P < 0.001), defecation sensation threshold
(IBS-D: median, 91.5; IQR, 29.3; control: median,
155.0; IQR, 21.1; P < 0.001) and maximum tolerable
threshold (IBS-D: median, 163.2; IQR, 71.2; control:
median, 226.2; IQR, 39.3; P < 0.001). Mucosal leptin
expression, as reflected by integrated optical density
(IBS-D: median, 4424.71; IQR, 4533.63; control:
median, 933.65; IQR, 888.10; P < 0.001), leptin mRNA
expression (IBS-D: median, 1.1226; IQR, 1.6351;
control: median, 0.8947; IQR, 0.4595; P = 0.009), and
mast cell activation rate (IBS-D: median, 71.2%; IQR,
12.9%; control group: median, 59.4%; IQR, 18.88%; P
< 0.001) were significantly increased in IBS-D patients.
The colocalization of leptin and leptin receptors was
observed on mast cells and PGP9.5-positive nerve fibers
in the intestinal mucosa. Also, leptin expression was
positively correlated with anxiety, depression, and the
mast cell activation rate, but negatively correlated with
the defecation sensation threshold and the maximum
tolerance threshold during visceral sensitivity testing
(adjusted P < 0.0038).

Liu DR, Xu XJ, Yao SK. Increased intestinal mucosal leptin
levels in patients with diarrhea-predominant irritable bowel
syndrome. World J Gastroenterol 2018; 24(1): 46-57 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v24/i1/46.
htm DOI: http://dx.doi.org/10.3748/wjg.v24.i1.46

INTRODUCTION
Irritable bowel syndrome (IBS) is a commonly diagnosed
functional gastrointestinal disease, with a prevalence
rate of 5%-10% in most European countries, the United
[1]
States, and China . IBS is a typically recurrent disease
characterized by abdominal pain or discomfort, stool
[2]
irregularities, and bloating . Symptoms may worsen
over time and significantly impact patients’ quality of life
[3]
and work productivity . A major subtype of IBS is IBS
with diarrhea (IBS-D), which accounts for 46% of all
[4]
IBS cases .
The pathogenesis of IBS-D is complex and poorly
understood. Recent studies of the pathophysiology
of IBS-D have focused on molecular mechanisms
and have suggested that the levels of luminal and
mucosal cytokines originating from the gastrointestinal
tract may be altered in the gut of IBS-D patients.
These alterations could result in dysregulation of
gastrointestinal secretion and motility and an increase
in visceral hypersensitivity. These cytokines can also
affect the peripheral and central nervous systems and
[5]
disrupt communication between the brain and gut .
Leptin is a 16 kDa non-glycosylated peptide hor
[6]
mone belonging to the typeⅠcytokine superfamily . It
is produced predominantly by mature adipocytes, but
also by gastric and colonic epithelial cells, immune cells,
placental trophoblasts, amniotic cells, chondrocytes,
[7]
and synoviocytes . When bound to receptor sites,
leptin not only exerts significant biological effects, such
as appetite control, by signaling satiety and increasing
energy expenditure, but also modulates the immune
[8]
[9,10]
system and gastrointestinal function
.
The number of mucosal mast cells has been re
[11]
ported to be increased in IBS-D patients , and mast
cell number often correlates with symptoms including
[12]
[13]
abdominal pain and bloating . Mast cells are key to
the induction and maintenance of low-grade immune
[14]
activation in IBS-D patients . Gastrointestinal mast
cells can express leptin and leptin receptors, indicating
[15]
the modulatory effects of leptin on mast cells .
The enteric nervous system (ENS) is important in
regulating gut motility, secretion, and nutrient absorp
[16,17]
tion. Leptin has been shown to affect the ENS
and

CONCLUSION
Increased levels of mucosal leptin may interact with
mast cells and the nervous system to contribute to the
pathogenesis of IBS-D.
Key words: Leptin; Irritable bowel syndrome; Mast
cells; Diarrhea; Visceral hypersensitivity
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Leptin is an important cytokine that exerts
significant biological effects on gastrointestinal function
and immune system modulation. We found that
diarrhea-predominant irritable bowel syndrome (IBS-D)
patients had significantly increased psychological
symptoms, visceral hypersensitivity, mucosal leptin
expression, leptin mRNA expression, and mast cell
activation rate. Additionally, leptin expression was
positively correlated with anxiety, depression, and the
mast cell activation rate, but negatively correlated
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[18]

sensory afferent neurons . Taken together, leptin may
be involved in the regulation of both local gastrointestinal
functions and the brain-gut axis.
Few studies have specifically addressed the role of
[19-21]
leptin in the pathogenesis of IBS
. Therefore, the
present study measured leptin expression in both the
serum and intestinal mucosa of patients with IBS-D,
and then analyzed the relationship of leptin with the
clinical features, visceral sensitivity, the number and
activation rate of mast cells, and nerve fibers in these
patients

included information regarding abdominal pain, bloating,
satisfaction with bowel habits, and overall interference
with quality of life. The total score of the questionnaire
ranges from 0 to 500.
[24,25]
The IBS-specific Quality of Life questionnaire
was used to evaluate changes in patients’ quality of
life. This scale evaluates 34 broad well-being factors
based on variables including feelings of dysphoria,
social interactions, body image, and health worries. The
[26,27]
Hamilton Anxiety Scale
and Hamilton Depression
[27,28]
Scale
were used to measure anxiety and depres
sion, respectively.

MATERIALS AND METHODS

Visceral sensitivity testing: Participants were placed
in the left lateral decubitus position. After a digital
rectal examination, a lubricated catheter with a latex
balloon at the tip (Medical Measurement Systems,
Enschede, the Netherlands) was inserted into the
rectum such that the balloon was 8 cm proximal to the
anal verge. Then, the balloon was inflated at a speed
of 10 mL/5 s. During balloon inflation, feelings of initial
perception, defecation urge, and discomfort/pain were
reported by the participants. The balloon volumes were
recorded at the first sensation threshold, defecating
sensation threshold, and maximum tolerable threshold.
All the tests were performed by the same investigator
between 1 and 3 PM in a blinded fashion.

Subjects

We recruited 42 IBS-D patients (15 women and 27
men; mean age, 29.4 years; age range, 22-40 years)
and 20 healthy controls (8 women and 12 men; mean
age, 28.9 years; age range, 20-38 years). All patients
were treated at the gastroenterology department of
the China-Japan Friendship Hospital from January
2016 to July 2016. IBS-D was diagnosed according to
the Rome Ⅲ criteria. Controls were recruited through
public advertisement or from asymptomatic patients
undergoing colonoscopy for colorectal cancer screening
or polyposis follow-up. Exclusion criteria included
the use of anti-spasmodics, analgesics, antibiotics,
nonsteroidal anti-inflammatory drugs, corticosteroids,
mast cell stabilizers, and anti-depressants or a history
of organic diseases (documented by patient history,
appropriate consultation, and laboratory testing),
celiac disease (documented by celiac serology), allergic
disease, major abdominal surgery, and severe psy
chiatric disorders.
All participants underwent venous blood sampling and
colonoscopy. Before colonoscopy, all subjects underwent
a standard bowel preparation in the form of 3 L of
dissolved polyethylene glycol electrolyte powder (Fortrans,
Beaufour Ipsen Industrie, Dreux, France). Four biopsies
were obtained in each subject from the rectosigmoid
junction in order to standardize the site of sampling. Two
biopsy specimens were used for routine hematoxylin
and eosin (H and E) staining, mast cell staining, and
immunohistochemistry. The other two biopsy specimens
were used for quantitative real-time reverse transcription
polymerase chain reaction (qRT-PCR).
IBS-D patients and control patients both gave
informed consent in a written form before entry into
the study. The study protocol was approved by the
China-Japan Friendship Hospital Ethics Committee (No.
2015-33) and the study was conducted in accordance
with the Declaration of Helsinki.

Serum leptin level: All fasting blood samples from
both IBS-D patients and controls were collected
between 11 AM and 1 PM to avoid diurnal variation.
Whole blood was centrifuged immediately at 1151 g
for 10 min, and stored at -80 ℃ until assay. Serum
leptin levels were measured in duplicate using
commercially available enzyme-linked immunosorbent
assay (ELISA) kits (Human Leptin Instant ELISA;
Bender MedSystems GmbH, Vienna, Austria).
Histology, immunohistochemistry, and immuno
fluorescence: H and E sections from formalin-fixed
and paraffin-embedded tissue samples were blindly
assessed by independent observers. Mast cells were
stained with toluidine blue. The slides were first
soaked in 0.5% toluidine blue, and then differentiated
with acetone. Afterwards, five 400 × magnification
2
fields (field area, 0.237 mm ) were chosen randomly
and scanned. Mast cells were identified using light
microscopy by their metachromatic cytoplasmic gra
nules. Finally, mast cell degranulation was assessed
based on unclear or irregular cell membranes and
the presence of extruded secretory granules. The
mean mast cell number per millimetre square of the
2
mucosal area (/mm ) was calculated. The percentage
of degranulated mast cells (mast cell activation rate)
was also calculated in each section (degranulated mast
cells/the total number of mast cells × 100%).
Immunohistochemistry and immunofluorescence
experiments were performed on paraffin-embedded,
4-mm-thick sections. The following primary antibodies

Measures

Questionnaires: Clinical status was evaluated with
the use of validated questionnaires. The IBS Symptom
[22,23]
Severity Scale
, a 5-item self-reporting question
naire designed to measure disease severity, was given
to each participant to complete. Questionnaire items
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were used: rabbit polyclonal anti-leptin antibody
(1:100; Abcam, Cambridge, United Kingdom), rabbit
polyclonal anti-leptin receptor antibody (1:50; Abcam,
Cambridge, United Kingdom), mouse monoclonal antimast cell tryptase antibody (1:50; Abcam, Cambridge,
United Kingdom), and mouse monoclonal anti-PGP9.5
antibody (1:50; Abcam, Cambridge, United Kingdom).
For immunohistochemistry studies, the sections
were first incubated with the primary antibody over
night. Next, they were incubated at room temperature
with a universal secondary antibody (EnVision Detection
Systems, Dako, Denmark) for 60 min and then
visualized using diaminobenzidine. Finally, the nuclei
were labeled by counterstaining the sections with Mayer’
s hematoxylin. The quantification of immunoreactivity
was performed by two operators in a blinded fashion.
Three randomly selected fields from each section were
scanned under a Nikon Eclipse 80i microscope (Nikon
Instruments Co., Ltd., Tokyo, Japan). Photographs were
taken with a Nikon DS-Ri1 camera (Nikon Instruments
Co., Ltd., Tokyo, Japan). The images were analyzed
with Image-Pro Plus 6.0 software (Media Cybernetics,
Bethesda, MD, United States). During the analysis,
the average integrated option density (IOD) of positive
staining substances of three non-overlapping fields
chosen randomly was measured for the final analysis.
For immunofluorescence studies, the sections
were prepared sequentially as follows: incubated
with primary antibody (double labeling) overnight,
rinsed with phosphate-buffered saline, and incubated
at room temperature with goat anti-mouse IgG H
and L (Alexa Fluor 647) (1/300; Abcam, Cambridge,
United Kingdom) or goat anti-rabbit IgG H and L
®
(Alexa Fluor 488) (1/400; Abcam, Cambridge, United
Kingdom) for 2 h. Specimens were examined by two
operators in a blinded fashion using a Nikon Eclipse
90i microscope (Nikon Instruments Co., Ltd., Tokyo,
Japan). Representative photomicrographs were taken
using a Nikon DS-Ri1 camera.

forward, 5’-ACTTTGGTATCGTGGAAGGACTCAT-3’ and
reverse, 5’-GTTTTTCTAGACGGCAGGTCAGG-3’ for
GAPDH; forward, 5’-ACACGCAGTCAGTCTCCTCCAA-3’
and reverse, 5’-CTGGAAGGCATACTGGTGAGGA-3’ for
leptin; and forward, 5’-GCCAACAGCCAAACTCAACG-3’
and reverse, 5’-GGTGGGCTGGACCAAGAAATC-3’ for
leptin receptor. The results were first normalized to
-ΔΔCt
[29]
GAPDH expression using the 2
method . Then,
the leptin and leptin receptor mRNA levels in each
sample are expressed as the fold-change relative to
the average level of healthy controls, in whom the
mean value was used as the reference and considered
as 1.

Statistical analysis

All statistical analyses were performed using SPSS for
Windows software, version 24.0 (SPSS Inc, Chicago,
IL). All data are reported as values (mean ± SD) or
medians [interquartile range (IQR)]. Independent
sample t-tests or nonparametric Mann-Whitney U-tests
2
were used to analyze quantitative data. The χ test
or Fisher’s exact test were used to analyze qualitative
data. Correlations between two parameters were
performed using Spearman’s correlation coefficient,
followed by Bonferroni correction to adjust multiple
comparisons, with a corrected significance level of
0.0038 (0.05/13). Two-tailed P-values < 0.05 were con
sidered significant.

RESULTS
Demographic and clinical characteristics

There were no statistically significant differences
in age, gender, or body mass index between the
IBS-D group and the control group. The median IBS
Symptom Severity Scale score in the IBS-D group
was 225.0 (range, 100-475). There was no significant
difference between male and female IBS-D patients
in terms of IBS Symptom Severity Scale score (P =
0.053). The median duration of disease was 3.5 years
(range, 1-13 years) in the IBS-D patients. The IBSspecific Quality of Life score was significantly lower
in IBS-D patients (P < 0.001), and the differences
in the scores of both the Hamilton Anxiety Scale and
the Hamilton Depression Scale were also statistically
significant between the IBS-D group and the control
group (P < 0.001) (Table 1).

Leptin gene expression analysis using qRTPCR: The gene expression of leptin and the leptin
receptor in the colonic mucosa was analyzed using
qRT-PCR. Each supernatant was assayed in duplicate,
and altogether three independent experiments
were conducted. TRIzol reagent (Invitrogen Life
Technologies, Waltham, MA, United States) was used
to isolate total RNA. Then, the RevertAid First Strand
cDNA Synthesis Kit (Thermo Scientific, Waltham,
MA, United States) was used to perform reverse
transcription. Next, real-time PCR was carried out
using the FastStart Universal SYBR Green Master Rox
kit (Roche, Shanghai, China) in the StepOnePlus RealTime PCR System (Applied Biosystems, Waltham,
MA, United States). Finally, leptin and leptin receptor
mRNA expression was normalized to glyceraldehyde
3-phosphate dehydrogenase (GAPDH) expression. The
following primers were used for PCR amplification:
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Visceral sensitivity test

The first sensation threshold, defecation sensation
threshold, and maximum tolerable threshold were
significantly lower in the IBS-D patients compared with
those in the control group (P < 0.001) (Table 1).

Serum leptin

Serum leptin levels in the IBS-D patients (median,
1.28 ng/ml; IQR, 1.63 ng/ml) and healthy controls
(median, 1.27 ng/ml; IQR, 0.83 ng/ml) were not
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colonic mucosa (Figure 4A and B). Double-staining
experiments confirmed leptin receptor expression in
PGP9.5-immunoreactive nerve fibers (Figure 4c and d).

Table 1 Demographics, clinical characteristics, and visceral
sensitivity of irritable bowel syndrome patients and healthy
controls
IBS-D

Controls

Demographic and clinical feature
N
42
20
Age (yr)
29.4 ± 4.3
28.9 ± 5.1
Gender (male: female)
9:5
3:2
Body mass index (kg/m2)
22.5 ± 2.5
22.1 ± 2.2
Duration of disease (yr)
3.5 (3.3)
NA
Questionnaire
IBS Symptom Severity Scale
225.0 (50.0)
NA
IBS-specific Quality of Life
76.5 (17.3) 100.0 (1.1)
Hamilton Anxiety Scale
6.5 (3.3)
2.0 (2.0)
Hamilton Depression Scale
7.0 (3.0)
3.0 (2.0)
Visceral sensitivity
First sensation threshold (ml)
50.6 (25.9) 80.5 (18.6)
Defecating sensation threshold (ml) 91.5 (29.3) 155.0 (21.1)
Maximum sensation threshold (ml) 163.2 (71.2) 226.2 (39.3)

Leptin and leptin receptor gene expression in the
colonic mucosa

P value
NA
0.673
0.744
0.553
NA

Leptin mRNA expression was significantly increased
in IBS-D patients (median, 1.1226; IQR, 1.6351) vs
that seen in the control group (median, 0.8947; IQR,
0.4595; P = 0.009). Similarly, leptin receptor gene
expression was also significantly increased in IBS-D
patients (median, 1.5491; IQR, 2.0721) vs that seen
in the control group (median, 0.9062; IQR, 0.3850; P
= 0.001).

NA
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Correlation analysis

In patients with IBS-D, the leptin protein expression
level showed a significantly positive correlation with
anxiety, depression, and mast cell activation rate, and
a negative correlation with the defecation sensation
threshold and maximum tolerable threshold (adjusted
P < 0.0038). The leptin mRNA level was significantly
positively correlated with IBS symptom severity,
anxiety, and depression, and negatively correlated with
the visceral sensation threshold (adjusted P < 0.0038)
(Table 2).

The data are expressed as mean ± sd, or median (interquartile range).
IBS-D: irritable bowel syndrome; NA: not applicable.

significantly different (P = 0.657).

Mucosal histology and mast cell staining

On H and E histology, all colonic mucosal biopsies were
reported as normal (Figure 1a and b). Toluidine blue
staining revealed that mast cells were often scattered
in the lamina propria and submucosa (Figures 1c and
d). The mast cell count was not significantly different
between the two groups (IBS group: median, 9.62/
2
2
mm ; IQR, 1.61/mm vs control group: median, 10.75/
2
2
mm ; IQR, 4.52/mm ; P = 0.164) (Figure 1e). However,
the percentage of degranulated mast cells was
significantly increased in IBS-D patients (IBS group:
median, 71.2%; IQR, 12.9% vs control group: median,
59.4%; IQR, 18.88%; P < 0.001) (Figure 1f).

DISCUSSION
The present study investigated the possible role of
leptin in the pathogenesis of IBS-D. Biopsies from
IBS-D patients revealed significant upregulation of
both leptin protein and mRNA levels. The increased
leptin protein or mRNA expression closely correlated
with IBS symptom severity, anxiety, depression, and
visceral sensation thresholds, which may provide a
putative basis for the development of IBS symptoms.
To our knowledge, this was the first study to pre
liminarily confirm that leptin may play a certain role in
the pathophysiology of IBS-D.
Visceral hypersensitivity has been identified in
20%-90% of IBS patients and is defined as a low
threshold for the perception of stimuli arising from the
[30,31]
gut
. Mechanisms of visceral hypersensitivity are
complex, including the sensitization of gut wall sensory
endings, enhanced nociceptive information, reduced
antinociceptive effects at the level of the spinal cord,
[31]
and hypervigilance of the central nervous system . In
line with these mechanisms, the present study found
that visceral sensation thresholds were significantly
lower in IBS-D patients than those of healthy controls.
Limitations regarding the method of rectal distention
[32]
used were discussed in our previous study
and
include: (1) the sensory threshold, reported by the
subject, may be susceptible to a perceptual response
[33]
bias ; (2) progressive rectal distention may lead to
hypervigilance and alter the response of the partici
pants; and (3) volume measurements, rather than
balloon pressures recorded with a barostat, may

Leptin and leptin receptor expression in the colonic
mucosa

In the colonic mucosa, leptin and leptin receptor
staining was mostly scattered in the epithelium and
lamina propria (Figure 2a-d). The leptin protein level
in mucosal biopsies was significantly increased in the
IBS-D patients (IOD median, 4424.71; IQR, 4533.63)
vs the control group (IOD median, 933.65; IQR,
888.10; P < 0.001) (Figure 2e). The leptin receptor
expression was not significantly increased in the colonic
mucosa obtained from IBS-D patients (12454.27 ±
6946.06) compared to controls (12508.07 ± 8088.46)
(P = 0.979) (Figure 2f).

Colocalization of leptin and leptin receptors on mast
cells and PGP9.5-positive nerve fibers

Leptin and tryptase double-labeling immunofluor
escence experiments recorded colocalization of leptin
and tryptase, indicating that mast cells were producers
of leptin (Figure 3A and B). Moreover, leptin receptor
and tryptase colocalization was found to exist in the
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Figure 1 Intestinal mucosal histology (hematoxylin and eosin staining), mast cell toluidine blue staining, mast cell count (/mm2), and mast cell activation
rate (%) in irritable bowel syndrome patients and controls. a: Colonic mucosal histology of IBS-D patients (× 200); b: Colonic mucosal histology of healthy
controls (× 200); c: Mast cell toluidine blue staining of IBS-D tissue (× 400, arrows represent mast cells); d: Mast cell toluidine blue staining of normal control tissue
(× 400, arrows represent mast cells); e: Mast cell count was not significantly different between the two groups (P = 0.164); f: Mast cell activation rate significantly
increased in IBS-D patients (P < 0.001). Line in the scatter plots means the median. IBS-D: Iirritable bowel syndrome with diarrhea.
[41]

not accurately reflect the biological properties of the
[34]
rectum, leading to measurement errors . In spite of
these limitations, this method is convenient to perform
and well-tolerated by patients. Furthermore, some
studies have shown that volume thresholds are a valid
[35-38]
measure of rectal sensory function
.
Mast cell proliferation has been recognized as a
[39-41]
common feature of IBS patients
. Some studies have
suggested that the number of mast cells is increased in
[42,43]
IBS patients
, while other studies have shown that
the density of mast cells is not significantly different in
[44-46]
these patients
. Additional studies have shown that
the degranulation or activation rate of mast cells, rather
than the number of mast cells, best reflects the severity
[47]
of IBS in patients . In IBS patients, activated mast
cells release mediators such as histamine, serotonin,
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and bradykinin . These mediators contribute to
the development of major IBS-D symptoms through
the modulation of visceral sensation, gastrointestinal
motility, intestinal immune function, and epithelial
[41]
permeability and secretion . In the present study, the
mast cell activation rate was found to be significantly
higher in IBS-D patients, while the mast cell count was
not significantly different from that seen in the control
group, indicating that activated mast cells are important
in the pathophysiology of IBS-D.
Few studies have specifically analyzed serum
[19-21]
leptin levels in IBS patients
, and the results of
these studies have been inconsistent. In the present
study, serum leptin levels in patients with IBS-D were
not significantly different from those seen in healthy
controls. However, both leptin and leptin receptor
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Figure 2 Immunohistochemical staining for leptin and leptin receptor in irritable bowel syndrome patients and healthy controls. a: Colonic mucosal leptin
expression in IBS-D patients (× 400); b: Colonic mucosal leptin expression in healthy controls (× 400); c: Colonic mucosal leptin receptor expression in IBS-D patients
(× 400); d: Colonic mucosal leptin receptor expression in healthy controls (× 400); e: Colonic mucosal leptin immunoreactivity significantly increased in IBS-D patients
than in the healthy controls; f: Colonic mucosal leptin receptor immunoreactivity did not increase significantly in IBS-D patients than in healthy controls. Line in the
scatter plots means the median. IBS-D: Iirritable bowel syndrome with diarrhea; IOD: integral optical density.
[50]

mRNA levels were significantly increased in IBS-D
patients compared to the control group. Complex
factors influencing serum leptin levels and the relatively
small sample size may have contributed to the lack of a
difference in serum leptin levels.
The potential role of immune activation in the
pathogenesis and symptom formation in IBS patients
[14,48,49]
has been reported in previous studies
. Mast cells
are a key component in the induction and maintenance
[48]
of low-grade immune activation in IBS patients . A
recent report has demonstrated that leptin, a regulatory
hormone that has multiple modulatory effects on
immune cells, including T cells, macrophages, mast
cells, dendritic cells, neutrophils, eosinophils, basophils,
and NK cells, was able to promote the generation of
an inflammatory phenotype of mast cells through
the induction of interferon-γ and the suppression of
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interleukin-4 . In animal experiments, leptin has
been proven to be effective in activating the colonic
[16]
submucosal and myenteric neurons of guinea pigs
and in modulating the activity of enteric inhibitory and
[17]
excitatory neurons in the proximal colon of rats .
It has also been reported that leptin can stimulate
[18]
the activity of sensory afferent neurons . In this
study, the expression and location of leptin, leptin
receptors, tryptase, and PGP9.5 were analyzed by
immunohistochemistry and immunofluorescence. We
found that the expression of leptin, rather than the
leptin receptor, increased significantly. In addition,
the colocalization of leptin and leptin receptors was
observed on mast cells and PGP9.5-positive nerve
fibers in the intestinal mucosa. These results indicate
that leptin may be involved in the pathogenesis of
IBS-D via mechanisms similar to those noted in the
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Figure 3 Double-labeling immunofluorescence of leptin and tryptase in irritable bowel syndrome patients and healthy controls. A: Colonic mucosal doublelabeling immunofluorescence of leptin and tryptase in IBS-D patients (× 400, arrows represent colocalization of leptin and tryptase); B: Colonic mucosal doublelabeling immunofluorescence of leptin and tryptase in healthy controls (× 400, arrows represent colocalization of leptin and tryptase). IBS-D: Iirritable bowel syndrome
with diarrhea.

sensation threshold. The correlation analyses indicate
that leptin might be an important factor involved in
the pathogenesis and symptom formation of IBS-D
patients. However, correlations cannot be interpreted
as causal associations, and further studies are needed
to confirm this finding.
Based on the results of our study, we speculate that
psychosocial and other stimulations cause disruption in
[51]
the brain-gut axis . Corticotrophin-releasing hormone
(CRH) and cortisol are released with activation of
[51]
the hypothalamic-pituitary axis . CRH and cortisol
[51,52]
are also increased with the production of leptin
.
Also, intestinal mucosal mast cells produce histamine,
serotonin, and bradykinin when activated. As a key
component of low-grade mucosal inflammation, mast
cells also cause increased epithelial permeability,
visceral hypersensitivity, and a disruption of gastro
intestinal secretory and motility functions. Leptinstimulated mast cells modulate low-grade mucosal
inflammation, activate nervous system, and increase
[53]
epithelial tight junction permeability , all of which
contribute to the development of IBS-D symptoms.
There were several limitations in this study. First,
[32,54]
because of the nature of our research foundation
,
the present study focused on patients with the IBS-D
subtype. Therefore, the findings may not be gene
ralizable to constipation-predominant IBS, mixedtype IBS, and unsubtyped IBS patients. Second,
leptin has been shown to increase during the process
[55]
of inflammation . However, we cannot be sure that
all postinfective IBS patients were excluded from the

Table 2 Correlation between leptin level and clinical and
experimental parameters in irritable bowel syndrome patients
Leptin expression
Questionnaire
IBS-SSS
HAMA
HAMD
Visceral sensitivity
First sensation
Defecating sensation
Maximum tolerance
Mucosal parameter
Mast cell activation rate (%)
Leptin mRNA
Leptin expression

Leptin mRNA

0.417 (0.006)1
0.540 (< 0.001)
0.488 (0.001)

0.678 (< 0.001)
0.675 (< 0.001)
0.589 (< 0.001)

-0.438 (0.004)1
-0.654 (< 0.001)
-0.576 (< 0.001)

-0.604 (< 0.001)
-0.480 (0.001)
-0.706 (< 0.001)

0.510 (0.001)
0.666 (< 0.001)
NA

0.430 (0.005)1
NA
0.666 (< 0.001)

1

Without significance after Bonferroni correction (adjusted P < 0.0038).
Spearman’s correlation coefficients are expressed with P values in
parentheses. IBS-D: Iirritable bowel syndrome with diarrhea; IBS-SSS:
IBS Symptom Severity Scale; HAMA: Hamilton Anxiety Scale; HAMD:
Hamilton Depression Scale; NA: not applicable.

above studies.
Correlation analyses were performed between
intestinal mucosa leptin levels and other parameters.
Leptin expression was positively correlated with anxiety,
depression, and the mast cell activation rate, and was
negatively correlated with the defecation sensation
threshold and the maximum tolerable threshold during
visceral sensitivity testing. Leptin mRNA levels were
positively correlated with disease severity, anxiety, and
depression, and negatively correlated with the visceral
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Figure 4 Double-labeling immunofluorescence of leptin receptor with tryptase and PGP9.5 in irritable bowel syndrome patients and healthy controls (×
400 magnification). A: Colonic mucosal double-labeling immunofluorescence of leptin receptor and tryptase in IBS-D patients (× 400, arrows represent colocalization
of leptin receptor and tryptase); B: Colonic mucosal double-labeling immunofluorescence of leptin receptor and tryptase in healthy controls (× 400, arrows represent
colocalization of leptin receptor and tryptase); C: Colonic mucosal double-labeling immunofluorescence of leptin receptor and PGP9.5 in IBS-D patients (× 400, arrows
represent colocalization of leptin receptor and PGP9.5); D: Colonic mucosal double-labeling immunofluorescence of leptin receptor and PGP9.5 in healthy controls (×
400, arrows represent colocalization of leptin receptor and PGP9.5). PGP9.5: protein gene product 9.5; IBS-D: Iirritable bowel syndrome with diarrhea.

study. Because these two subgroups may be different
in pathogenesis, future experiments should study
these two types separately. Third, due to the lack of
previous data related to our study, we did not estimate
sample size and power, which may reduce the reliability
of our conclusion. Fourth, in qRT-PCR, we used only
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one reference gene (GAPDH), which may influence
the accuracy of the results. Finally, we cannot make a
cause and effect inference on the basis of our findings;
additional studies of the effects of leptin on mast cells
and the nervous system as well as larger clinical studies
are needed.
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type IBS, and unsubtyped IBS patients. Future research should investigate
the possible role of leptin in the pathophysiology of the other three subtypes.
Second, leptin has been shown to increase during the process of inflammation.
However, we cannot be sure that all postinfective IBS patients were excluded
from the study. Because these two subgroups may be different in pathogenesis,
future experiments should study these two types separately. Finally, we cannot
make a cause and effect inference on the basis of our findings, therefore,
additional studies of the effects of leptin on mast cells and the nervous system
as well as larger clinical studies are needed.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Irritable bowel syndrome (IBS) is a commonly diagnosed functional gastro
intestinal disease. Symptoms may worsen over time and significantly impact
patient quality of life and work productivity. A major subtype of IBS is IBS with
diarrhea (IBS-D). The pathogenesis of IBS-D is complex and poorly understood.
Leptin not only exerts significant biological effects, such as appetite control, by
signaling satiety and increasing energy expenditure, but also modulates the
immune system and gastrointestinal function. Few studies have specifically
addressed the role of leptin in the pathogenesis of IBS. To our knowledge, this
was the first study to preliminarily investigate the possible role of leptin in the
pathophysiology of IBS-D.
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Research motivation

The main topics of the present study include evaluating clinical symptoms,
psychological characteristics, and visceral sensitivity of IBS-D patients and
healthy controls; examining leptin expression, mast cells, and PGP9.5 nerve
fibres in IBS-D and healthy controls; and performing correlation analyses
between these parameters. Our study proposed a mechanism by which leptin
may contribute to the pathophysiology of IBS.
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Abstract

Institutional review board statement: The protocol of this
study was reviewed and approved by the Ethics Committee of the
Faculty of Medicine at Saga University.

AIM
To investigate the association between smoking habits
and surgical outcomes in hepatitis B virus (HBV)-related
hepatocellular carcinoma (HCC) (B-HCC) and hepatitis
C virus (HCV)-related HCC (C-HCC) and clarify the
clinicopathological features associated with smoking
status in B-HCC and C-HCC patients.

Informed consent statement: Informed consent for the use of
resected tissue and medical information was obtained from all
patients.
Conflict-of-interest statement: The authors declare that they
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METHODS
We retrospectively examined the cases of the 341
consecutive patients with viral-associated HCC (C-HCC,
n = 273; B-HCC, n = 68) who underwent curative
surgery for their primary lesion. We categorized
smoking status at the time of surgery into never, exand current smoker. We analyzed the B-HCC and
C-HCC groups’ clinicopathological features and surgical
outcomes, i.e. , disease-free survival (DFS), overall
survival (OS), and disease-specific survival (DSS).
Univariate and multivariate analyses were performed
using a Cox proportional hazards regression model. We
also performed subset analyses in both patient groups
comparing the current smokers to the other patients.

World J Gastroenterol 2018; 24(1): 58-68 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i1/58.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i1.58

INTRODUCTION
Hepatocellular carcinoma (HCC), is the fifth most
common cancer in the world and the second most
common cause of cancer deaths, accounting for about
[1]
745000 deaths per year globally . Chronic hepatitis
B virus (HBV) and hepatitis C virus (HCV) infections
represent the leading cause of HCC (60%-70%), with a
[2]
total incidence of 16/100000 globally . The prevalence
of HBV and HCV infections varies among geographic
regions. In Japan, HCV-related HCC (C-HCC) is the
most common HCC infection, accounting for approx. 70%
[3]
of all HCC cases .
It is reported that the natural histories of C-HCC
and HBV-related HCC (B-HCC) differ: HCV infection
leads to the development of HCC mainly through
indirect pathways (such as chronic inflammation, cell
deaths and proliferation) whereas HBV causes HCC
through direct and indirect pathways as it can integrate
into the host genome, affecting cellular signaling and
[4]
growth control . HCC is thus typically found in HCV
patients with cirrhosis, although it is sometimes found
in HBV patients without significant liver cirrhosis.
Curative surgical resection is the most frequent
therapeutic strategy for HCC. The influence of the
patients’ viral infection status on surgical outcomes
has been well investigated. A meta-analysis in 2011
reported that non-B non-C (NBNC)-HCC patients
showed significantly better disease-free survival (DFS)
surgical outcomes; in addition, although the result was
not statistically significant, the overall survival (OS) of
NBNC-HCC patients was more favorable compared to
[5]
that of both B-HCC and C-HCC patients . This metaanalysis of 20 studies also reported that the OS and
the DFS were not significantly different between B-HCC
[5]
and C-HCC groups . A Japanese nationwide study of
nearly 12000 patients also reported that both the OS
and DFS after surgical resection were not significantly
different between the C-HCC and B-HCC groups,
although the liver function in the C-HCC group was
[6]
significantly worse than that in the B-HCC group .
Generally, lifestyle-associated factors such as
metabolic disease, alcohol consumption, and smoking
status have tended to be left out of investigations
when discussing factors affecting the pathogenesis or
surgical outcomes of viral-associated HCC. It is well
known that lifestyle factors are significantly involved
in the carcinogenesis of NBNC-HCC and it has been
reported that metabolic factors correlate also with
[7]
prognosis of NBNC-HCC . Although epidemiological
studies obtained evidence that smoking habit is
[8-10]
involved in HCC carcinogenesis
, little attention has

RESULTS
The multivariate analysis in the C-HCC group revealed
that current-smoker status was significantly correlated
with both OS (P = 0.0039) and DSS (P = 0.0416).
In the B-HCC patients, no significant correlation was
observed between current-smoker status and DFS, OS,
or DSS in the univariate or multivariate analyses. The
subset analyses comparing the current smokers to the
other patients in both the C-HCC and B-HCC groups
revealed that the current smokers developed HCC
at significantly younger ages than the other patients
irrespective of viral infection status.
CONCLUSION
A smoking habit is significantly correlated with the
overall and disease-specific survivals of patients with
C-HCC. In contrast, the B-HCC patients showed a
weak association between smoking status and surgical
outcomes.
Key words: Hepatocellular carcinoma; Hepatitis B virus;
Hepatitis C virus; Smoking; Surgery; Prognosis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We retrospectively analyzed the association
between smoking habits and surgical outcomes in
68 cases of hepatitis B virus-related hepatocellular
carcinoma (HCC) (B-HCC) and 273 cases of hepatitis C
virus (HCV)-related HCC (C-HCC). Smoking habit was
revealed as significantly correlated with the overall
survival and disease-specific survival of the C-HCC
patients, whereas the B-HCC patient group showed a
weak association between smoking habit and surgical
outcomes. Our subset analyses comparing the current
smokers to the other patients revealed that the current
smokers developed HCC at significantly younger ages
compared to the other patients irrespective of viral
infection status.
Kai K, Komukai S, Koga H, Yamaji K, Ide T, Kawaguchi A,
Aishima S, Noshiro H. Correlation between smoking habit and
surgical outcomes on viral-associated hepatocellular carcinomas.
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[11]

been paid to the relationship between smoking habit
and surgical outcomes of HCC.
We recently analyzed the relationship between smo
king status and surgical outcomes in patients with
NBNC-HCC, and our analysis revealed that smoking
habits are significantly correlated with the curative
[11]
ly resected surgical outcomes of NBNC-HCC . We
then speculated that if smoking habits truly affect the
postoperative prognosis of NBNC-HCC by one or more
unknown mechanisms, smoking habits might also
affect the postoperative prognosis of viral-associated
HCC patients. In addition, since the natural histories
of NBNC-HCC, B-HCC, and C-HCC differ, the clinicopa
thologic characteristics associated with smoking status
might be different per viral infection status.
We thus conducted the present study to (1) in
vestigate the association between smoking habits
and surgical outcomes in B-HCC and C-HCC patients
who underwent curative surgery; and (2) clarify the
clinicopathological features associated with smoking
habits in patients with B-HCC or C-HCC.

based on the definitions in our recent study , as
follows. ‘Never smoker’ is self-explanatory. ‘Ex-smoker’
was defined as having quit smoking completely ≥ 1
year before the patient’s surgery. Definition of ‘Current
smoker’ was an individual who continued to smoke
within 1 year prior to the surgery.
We have defined alcohol abuse as a daily ethanol
intake > 40 g for men and > 20 g for women.

Statistical analyses

Statistical analyses were performed by the authors
Komukai S and Kawaguchi A, who are statisticians. The
software JMP ver. 12.2 and SAS ver. 9.4 (SAS, Cary, NC,
United States) were used for the statistical analyses.
They compared pairs of groups by Fisher’s exact test,
2
the χ test and Student’s t-test, as appropriate. The
patients’ DFS, OS and disease-specific survival (DSS)
[11]
were determined as described . A univariate analysis
and a multivariate analysis were performed using a Cox
proportional hazards regression model.
The multivariate analysis was conducted in order
to adjust the potential covariates in the comparison of
smoking status groups; the patients’ age and gender
were always kept in the model, and other parameters
were identified by the stepwise procedure using the
P value threshold of 0.2. The complete patient series’
median age (67 years old) was used as the age cutoff. The Kaplan-Meier method was used for calculating
each of the postoperative survival curves. The log-rank
test was used to compare the differences in survival
curves. P value < 0.05 were accepted as significant.

MATERIALS AND METHODS
The patient series and our definition of smoking status

This retrospective study’s protocol was reviewed by
the Ethics Committee of the Faculty of Medicine at
Saga University and approved (approval No. 28-23).
The written informed consent for the use of their
clinical information was obtained from all of the study’
s patients. From 1984 to 2012, consecutive 477 cases
of curative surgery for primary HCC at Saga University
Hospital (in the city of Saga, which is located on the
island of Kyushu, the southwestern-most of Japan’
s main islands) were initially enrolled the study.
Definition of the HBV infection and HCV infection was
HBsAg-positive and HCVAb-positive in serological
tests, respectively. We excluded the following patients:
those with NBNC-HCC (serologically both HBsAgand HCVAb-negative) cases (n = 83) and those with
co-infection of HBV with HCV (n = 9). Among the
remaining 385 cases of C-HCC or B-HCC, we included
only the cases for which all of the following information
was available: the patient’s age, gender, body mass
index (BMI), diabetes mellitus status, smoking status
(as defined below), alcohol abuse status, tumor size,
status of portal vein invasion (Vp), number of primary
tumors (solitary or multiple), T factor of the TMN
classification, indocyanine green retention rate at 15
minutes (ICG R15), and serum alpha-fetoprotein (AFP)
level. The final patient series was comprised of the 341
patients with viral-associated HCC (C-HCC, n = 273;
B-HCC, n = 68).
We obtained the information about smoking status
and alcohol abuse status from the patients’ medical
records. This information had been self-reported by the
patients in an interview by medical staff. Each patient’s
smoking status at the time of surgery was categorized
into never smoker, ex-smoker, and current smoker

WJG|www.wjgnet.com

RESULTS
Comparison of clinicopathological features and surgical
outcomes between the HBV-related HCC and HCVrelated HCC patients

The clinicopathological features of 273 cases of C-HCC
and 68 cases of B-HCC are summarized in Table 1. The
B-HCC group developed HCC at significantly younger
ages (mean 57.15 years old) compared to the C-HCC
group (mean: 67.16 years, P < 0.0001). Both the
C- and B-HCC groups showed a male predominance,
and the B-HCC patients showed a higher male pre
dominance rate (86.76%) compared to the C-HCC
patients (74.36%, P = 0.03).
Regarding smoking status, no significant difference
was observed between the two groups although the
B-HCC group tended to have more current smokers
(47.06%) compared to the C-HCC group (32.23%).
The status of alcohol abuse, diabetes mellitus, and BMI
did not differ between the C- and B-HCC patients.
The percentage of ICG R15 was significantly higher
in the C-HCC group compared to the B-HCC group (P <
0.0001), indicating that the patients with HCV infection
developed HCC at a more advanced stage of chronic
hepatitis compared to the patients with HBV infection.
The serum AFP level of at the time of surgery tended
to be higher in the B-HCC patients compared to the
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Table 1 Clinicopathologic features of the hepatitis C virus-hepatocellular carcinoma and hepatitis B virus-hepatocellular carcinoma n (%)

Age (mean ± SD)
Gender
Male
Female
Smoking habit
Never
Ex
Current
Alcohol abuse
(+)
(-)
Diabetes mellitus
(+)
(-)
BMI (mean ± SD)
ICG R15 (%) (mean ± SD)
AFP (ng/mL), Median (range)
Tumor size (mean ± SD mm)
Solitary/Multiple
Solitary
Multiple
Vp
(+)
(-)
T factor
T1/2
T3/4

HCV (n = 273)

HBV (n = 68)

P value

67.16 ± 8.56

57.15 ± 12.47

< 0.0001

203 (74.36)
70 (25.64)

59 (86.76)
9 (13.24)

0.0300

111 (40.66)
74 (27.11)
88 (32.23)

21 (30.88)
15 (22.06)
32 (47.06)

0.0715

63 (23.08)
210 (76.92)

22 (32.35)
46 (67.65)

0.1136

62 (22.71)
211 (77.29)
22.49 ± 3.29
18.63 ± 9.03
26.2 (0, 29800)
37.37 ± 25.62

12 (17.65)
56 (82.35)
22.93 ± 3.80
13.31 ± 6.30
31 (1, 271600)
49.72 ± 33.14

0.3647

182 (66.67)
91 (33.33)

41 (60.29)
27 (39.71)

0.3230

74 (27.11)
199 (72.89)

29 (42.65)
39 (57.35)

0.0125

156 (57.14)
117 (42.86)

32 (47.06)
36 (52.94)

0.1347

0.3478
< 0.0001
0.0625
0.0052

HCV: Hepatitis C virus; HBV: Hepatitis B virus.

C-HCC patients, but the difference was not significant.
The tumor sizes in the B-HCC group were significantly
larger than those of the C-HCC group (mean tumor
sizes 49.72 mm vs 37.37 mm, P = 0.0052), and the
percentage of Vp was significantly higher in the B-HCC
group compared to the C-HCC (42.65% vs 27.11%,
P = 0.0125). There was no significant difference
regarding T factor or multiple occurrence between the
B-and C-HCC groups.
We compared the surgical outcomes (DFS, OS,
DSS) of the B-HCC and C-HCC groups and found no
significant difference between the groups in DFS, OS
or DSS (Figure 1).

The factors found to be significantly correlated with
disease-specific survival were smoking (current vs
other; P = 0.0483), tumor size (P = 0.0070), Vp (P =
0.0177), and T factor (P = 0.0315). The survival curves
per smoking habit are demonstrated in Figure 2A-C.
The current-smoking group showed significantly poor
survival curves compared to the never + Ex patient
group for both OS and DSS. However, no significant
difference was observed in DFS between the currentsmoking group and never + Ex patient group.

Multivariate analysis results per smoking status in HCVrelated HCC patients

The results of the multivariate analyses for DFS, OS
and DSS are summarized in Table 3. Current-smoker
status showed no correlation with DFS (P = 0.2364).
The factors that were significantly correlated with DFS
were alcohol abuse (P = 0.0025), BMI (P = 0.0165),
ICG R15 (P = 0.0027) and T factor (P < 0.0001). In
the multivariate analysis for OS, current-smoker status
was significantly correlated with OS (P = 0.0039). The
only other factor that was significantly correlated with
OS was T factor (P = 0.0005). The factors significantly
correlated with DSS were current-smoker status and T
factor (P = 0.0416 and P = 0.0226, respectively).

Univariate analysis results and survival curves per
smoking status in the HCV-related HCC patients

The results of the univariate analyses for surgical
outcomes in the C-HCC patient group are summarized
in Table 2. The factors that were significantly correlated
with the DFS of the C-HCC patient group were alcohol
abuse (P = 0.0321), BMI (P = 0.0270), ICG R15 (P =
0.0088), tumor size (P = 0.0305), multiple tumors (P
= 0.0021), and T factor (P < 0.0001). Smoking status
was not correlated with the DFS of the C-HCC patients.
The factors that were revealed to be significantly
correlated with the OS of the C-HCC patient group were
smoking (current vs other; P = 0.0144), serum AFP
level (P = 0.0402), tumor size (P = 0.0019), multiple
tumors (P = 0.0001), Vp (P = 0.0004), and T factor (P
= 0.0008).
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Univariate analysis results and survival curves for the
HBV-related HCC patients per smoker status

The results of the univariate analyses for surgical
outcomes in the B-HCC group are summarized in Table
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Table 2 Univariate analysis results: Disease-free, overall and disease-specific survival after hepatic resection for hepatocellular
carcinoma (hepatitis C virus, n = 273)
DFS
Characteristics
Age
≤ 67
> 67
Gender
Female
Male
Smoking habit (Ex + current)
Absent
Present
Smoking habit (current)
Absent
Present
Alcohol abuse
Absent
Present
Diabetes mellitus
Absent
Present
BMI
≤ Median
> Median
ICG R15 (%)
≤ Median
> Median
AFP
≤ Median
> Median
Tumor size
≤ Median
> Median
Solitary/Multiple
Solitary
Multiple
Vp
Absent
Present
T12/T34
T12
T34

n

HR (95%CI)

OS

P value

HR (95%CI)

0.9234
133
140

1
1.01381 (0.7665, 1.3409)

70
203

1
0.91269 (0.666, 1.2508)

111
162

1
0.92696 (0.6994, 1.2286)

185
88

1
1.02258 (0.7527, 1.3892)

210
63

1
0.68132 (0.4797, 0.9678)

211
62

1
1.18657 (0.85, 1.6564)

137
136

1
0.72863 (0.5503, 0.9647)

111
162

1
1.47199 (1.1021, 1.9659)

136
137

1
1.18795 (0.8981, 1.5713)

161
112

1
1.37235 (1.0303, 1.828)

182
91

1
1.59365 (1.1835, 2.1459)

199
74

1
1.33528 (0.9695, 1.839)

156
117

1
1.81021 (1.3644, 2.4017)

DSS

P value

HR (95%CI)

0.5143
1
1.10679 (0.8159, 1.5015)

0.5699

0.7101
1
0.92155 (0.599, 1.4177)

0.5110
1
1.12916 (0.786, 1.6221)

0.5978

0.2434
1
1.38366 (0.8019, 2.3876)

0.1262
1
1.27849 (0.9332, 1.7516)

0.8864

0.2147
1
1.32797 (0.8483, 2.0788)

0.0144
1
1.47783 (1.0808, 2.0207)

0.0321

0.0483
1
1.55795 (1.0033, 2.4192)

0.8232
1
0.95952 (0.6677, 1.3788)

0.3149

0.7027
1
0.90325 (0.5356, 1.5232)

0.5259
1
1.12207 (0.7861, 1.6017)

0.0270

0.9487
1
0.98302 (0.5831, 1.6572)

0.2082
1
0.82193 (0.6056, 1.1155)

0.0088

0.6409
1
0.9026 (0.5868, 1.3884)

0.2391
1
1.20672 (0.8825, 1.65)

0.2274

0.6896
1
1.09334 (0.7056, 1.6941)

0.0402
1
1.37689 (1.0144, 1.8689)

0.0305

0.1371
1
1.38776 (0.901, 2.1376)

0.0019
1
1.63014 (1.1982, 2.2178)

0.0021

0.0070
1
1.81608 (1.1773, 2.8016)

0.0001
1
1.8536 (1.3563, 2.5332)

0.0767

0.1182
1
1.43932 (0.9115, 2.2728)

0.0004
1
1.81728 (1.3073, 2.5262)

< 0.0001

0.0177
1
1.76737 (1.104, 2.8294)

0.0008
1
1.68381 (1.2412, 2.2843)

P value

0.0315
1
1.60589 (1.0429, 2.4728)

DFS: Disease-free survival; OS: Overall survival; DSS: Disease-specific survival.

4. The factors that were significantly correlated with
the DFS of the B-HCC patient group were alcohol abuse
(P = 0.0183), multiple tumors (P = 0.0002) and T
factor (P = 0.0042). The factors significantly correlated
with the OS of the B-HCC group were the serum AFP
level (P = 0.0015), multiple tumors (P = 0.0001), Vp
(P = 0.0035), and T factor (P = 0.0001). The factors
revealed to be significantly correlated with diseasespecific survival were the serum AFP level (P = 0.0114),
multiple tumors (P = 0.0013), Vp (P = 0.0362), and T
factor (P = 0.0019).
The survival curves of DFS, OS and DSS per smoking
status are demonstrated in Figure 2D-F. Smoking status
was not correlated with the DFS, OS or DSS of the B-HCC
patients.

in Table 5. The two factors that were significantly
correlated with the DFS of the B-HCC patients were
alcohol abuse (P = 0.0119) and multiple tumors (P =
0.0004). The factors that were significantly correlated
with the patients’ OS were alcohol abuse (P = 0.0312)
and multiple tumors (P = 0.0001). The only factor
that was significantly correlated with disease-specific
survival was multiple tumors (P = 0.0009). Currentsmoker status showed no correlation with any DFS, OS
or DSS.

Comparison of clinicopathological factors per currentsmoker status in the HCV-related HCC and HBV-related
HCC groups

To clarify the clinicopathological characteristics of the
current smokers in the C-HCC and B-HCC groups, we
performed subset analyses regarding the clinicopa
thological factors per current-smoker status (Table 6).
Among the C-HCC patients, the current smokers

Multivariate analysis results regarding smoking status
in the HBV-related HCC patients

The results of the multivariate analyses are summarized
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Table 3 Multivariate analyses for current smokers vs others (hepatitis C virus, n = 273)
Type

Characteristics

HR (95%CI)

P value

DFS

Smoking habit (current)
Age (67 < yr)
Gender (male)
Alcohol abuse
BMI (median <)
ICG R15 (median <)
T factor (T3/4)
Smoking habit (current)
Age (67 < yr)
Gender (male)
Alcohol abuse
BMI (median <)
ICG R15 (median <)
T factor (T3/4)
Smoking habit (current)
Age (67 < yr)
Gender (male)
Alcohol abuse
BMI (median <)
ICG R15 (median <)
T factor (T3/4)

1.22892 (0.8736, 1.7287)
0.98815 (0.7442, 1.3121)
0.9536 (0.6797, 1.338)
0.55622 (0.3803, 0.8135)
0.70403 (0.5284, 0.9381)
1.59531 (1.1763, 2.1635)
1.90638 (1.4279, 2.5452)
1.69259 (1.1844, 2.4187)
1.18434 (0.8668, 1.6182)
1.01654 (0.687, 1.504)
0.74612 (0.5061, 1.1)
0.89005 (0.6489, 1.2208)
1.32015 (0.9524, 1.83)
1.74555 (1.2767, 2.3865)
1.68394 (1.0201, 2.7798)
1.00555 (0.6464, 1.5644)
1.25081 (0.6981, 2.2412)
0.66203 (0.3796, 1.1547)
0.97081 (0.6206, 1.5185)
1.18278 (0.7484, 1.8692)
1.67615 (1.0752, 2.613)

0.2364
0.9343
0.7833
0.0025
0.0165
0.0027
< 0.0001
0.0039
0.2880
0.9346
0.1392
0.4701
0.0955
0.0005
0.0416
0.9804
0.4520
0.1462
0.8967
0.4722
0.0226

OS

DSS

DFS: Disease-free survival; OS: Overall survival; DSS: Disease-specific survival.
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Figure 1 Kaplan-Meier curves according to viral infection status for disease-free survival (A), overall survival (B) and disease-specific survival (C). DFS:
Disease-free survival; OS: Overall survival; DSS: Disease-specific survival.

were slightly but significantly younger than the never
+ Ex patients (mean age 65.34 years vs 68.02 years,
P = 0.0153) at the time of surgery. The current
smokers showed significant male predominance (P
WJG|www.wjgnet.com

< 0.0001) and had a significantly greater incidences
of alcohol abuse (P < 0.0001). The BMI and ICG R15
values of the current smokers were both significantly
lower than those of the never+Ex patients (P = 0.0031
63
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Table 4 Univariate analysis results: Disease-free, overall and disease-specific survival after hepatic resection for hepatocellular
carcinoma (hepatitis B virus, n = 68)
DFS
Characteristics
Age
≤ 67
> 67
Gender
Female
Male
Smoking habit (Ex + current)
Absent
Present
Smoking habit (current)
Absent
Present
Alcohol abuse
Absent
Present
Diabetes mellitus
Absent
Present
BMI
≤ Median
> Median
ICG R15 (%)
≤ Median
> Median
AFP
≤ Median
> Median
Tumor size
≤ Median
> Median
Solitary/Multiple
Solitary
Multiple
Vp
Absent
Present
T12/T34
T12
T34

n

HR (95%CI)

OS

P value

HR (95%CI)

0.9417
54
14

1
0.97131 (0.445, 2.1202)

9
59

1
1.28118 (0.4993, 3.2876)

21
47

1
0.93056 (0.478, 1.8115)

36
32

1
1.30547 (0.7009, 2.4314)

46
22

1
0.4139 (0.199, 0.861)

56
12

1
1.32065 (0.6229, 2.7999)

33
35

1
1.3863 (0.7392, 2.6)

49
19

1
0.83516 (0.4064, 1.7163)

34
34

1
1.80218 (0.9606, 3.3809)

28
40

1
1.67393 (0.8665, 3.2339)

41
27

1
3.30417 (1.7552, 6.2201)

39
29

1
1.85208 (0.975, 3.5182)

32
36

1
2.60213 (1.3531, 5.0043)

DSS

P value

HR (95%CI)

0.8991
1
1.05615 (0.4541, 2.4565)

0.6063

0.3769
1
0.5123 (0.1162, 2.2588)

0.1844
1
2.64152 (0.6294, 11.0865)

0.8323

0.3363
1
2.70202 (0.3562, 20.4981)

0.5660
1
1.26612 (0.5656, 2.8343)

0.4008

0.9544
1
0.96953 (0.336, 2.7975)

0.3620
1
1.38988 (0.6848, 2.8209)

0.0183

0.8001
1
1.13501 (0.4258, 3.0251)

0.0706
1
0.45823 (0.1966, 1.0679)

0.4682

0.5674
1
0.73339 (0.2534, 2.1228)

0.6700
1
1.21513 (0.4959, 2.9773)

0.3087

0.8752
1
1.10618 (0.3141, 3.8962)

0.9126
1
0.96125 (0.4746, 1.9468)

0.6240

0.6383
1
1.26746 (0.4718, 3.4046)

0.8562
1
1.07744 (0.4808, 2.4147)

0.0665

0.5468
1
1.38526 (0.4799, 3.9983)

0.0015
1
3.54578 (1.6235, 7.7443)

0.1252

0.0114
1
4.36412 (1.3942, 13.6606)

0.2124
1
1.61822 (0.7594, 3.4483)

0.0002

0.0585
1
3.37156 (0.9574, 11.8735)

0.0001
1
4.6829 (2.1913, 10.0073)

0.0598

0.0013
1
6.42975 (2.0644, 20.0257)

0.0035
1
2.94188 (1.4258, 6.07)

0.0042

0.0362
1
2.92487 (1.0717, 7.9823)

0.0001
1
5.55785 (2.3542, 13.1211)

P value

0.0019
1
10.58522 (2.3795, 47.0876)

DFS: Disease-free survival; OS: Overall survival; DSS: Disease-specific survival.

and 0.0005, respectively). No significant difference
was observed in diabetes mellitus, serum AFP level,
tumor size, multiple tumor, Vp, T factor, or recurrence
between the current smokers and the other patients.
In the B-HCC patient group, although the current
smokers were significantly younger (mean age 53.66
years vs 60.25 years, P = 0.0284) and showed a signifi
cant male predominance (P = 0.0204), no significant
difference was observed in any of the other factors
between the current smokers and the other patients.

correlation between smoking status and the surgical
outcomes of hepatectomy or liver transplantation for
[12-15]
HCC
. The present study is the first to compare
C-HCC and B-HCC regarding smoking status and surgical
outcomes.
The most salient finding of this study is that the
correlations between smoking status and surgical
outcomes were notably different between the B-HCC
and C-HCC patient groups. Although the currentsmoking habit affected the surgical outcomes of the
C-HCC patients, no significant association was found
between smoking status and surgical outcomes in the
B-HCC patients. As the current-smoking habit was
revealed as an independent prognostic factor for both
the OS and disease-specific survival in our C-HCC group,
the tumors that had developed in the current smokers
were indicated to have more aggressive malignant
potential than the tumors that developed in the neverand ex-smokers. The continued elucidation of the

DISCUSSION
There have been many studies regarding cigarette
smoking and the risk of developing HCC, and a recent
meta-analysis confirmed the relationship between
smoking and an increased risk of HCC development and
[12]
[11]
mortality from HCC . Including our previous study ,
there have been only a few studies focusing on the

WJG|www.wjgnet.com
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Figure 2 Kaplan-Meier curves according to smoking status for disease-free survival, overall survival and disease-specific survival in the hepatitis C virus
-related hepatocellular carcinoma patients (A-C) and hepatitis B virus-related hepatocellular carcinoma patients (D-F).
[17]

pathological and molecular mechanisms underlying the
development is a very important research focus, and
we suspect that the difference in the natural histories of
C-HCC and B-HCC is a key factor in the difference in the
smoking status and surgical outcomes between B-HCC
and C-HCC.
Generally, HCV-infected individuals develop HCC
after long-term chronic hepatitis, and C-HCCs are
[16]
typically found in patients with cirrhosis . Activated
inflammatory cells release reactive oxygen species
and induce lipid peroxidation, which promotes a pro-

WJG|www.wjgnet.com

oncogenic environment and DNA damage
and in
[18,19]
creases DNA methylation
. Thus, C-HCC develops
mainly via an indirect pathway caused by chronic
inflammation and an epigenetic process.
Although the mechanism of the carcinogenesis of
HCC due to smoking has not been fully elucidated, it is
reported that smoking yields chemicals with oncogenic
potential such as hydrocarbons, nitrosamine, tar and
vinyl chloride and a major source of 4-aminobiphenyl,
a hepatic carcinogen which has been implicated as a
[20]
causal risk factor for HCC . These oncogenic chemicals
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Table 5 Multivariate analyses for current smokers vs others (hepatitis B virus, n = 68)
Type

Characteristics

HR (95%CI)

P value

DFS

Smoking habit (current)
Age (67 < yr)
Gender (male)
Alcohol abuse
Multiple tumor
Smoking habit (current)
Age (67 < yr)
Gender (male)
Alcohol abuse
Multiple tumor
Smoking habit (current)
Age (67 < yr)
Gender (male)
Alcohol abuse
Multiple tumor

1.41417 (0.7413, 2.698)
0.9339 (0.4189, 2.0818)
1.82154 (0.6845, 4.8477)
0.37957 (0.1785, 0.8072)
3.18518 (1.6783, 6.045)
1.43613 (0.6865, 3.0045)
0.88873 (0.3727, 2.119)
3.66949 (0.8392, 16.0457)
0.38587 (0.1622, 0.9177)
4.91853 (2.2445, 10.7785)
0.98786 (0.3539, 2.7572)
0.37251 (0.0808, 1.7181)
3.89167 (0.4809, 31.4908)
0.98786 (0.3539, 2.7572)
7.08829 (2.2387, 22.4436)

0.2930
0.8672
0.2298
0.0119
0.0004
0.3365
0.7902
0.0842
0.0312
0.0001
0.9814
0.2055
0.2027
0.3991
0.0009

OS

DSS

DFS: Disease-free survival; OS: Overall survival; DSS: Disease-specific survival.

Table 6 Comparison of clinicopathological factors per current smoking status in the hepatitis C virus-related hepatocellular
carcinoma and hepatitis B virus-related hepatocellular carcinoma patient group
HCV (n = 273)

HBV (n = 68)

Current (n = 88) Never + Ex (n = 185)
Age (mean ± SD)
Gender (male/female)
Alcohol abuse (+/-)
Diabetes mellitus (+/-)
BMI (mean ± SD)
ICG R15 (%)
AFP (ng/mL), median (range)
Tumor size (mean ± SD mm)
Solitary/Multiple
Vp (+/-)
T factor (T12/T34)
Recurrence (+/-)

65.34 ± 7.82
81/7
35/53
20/68
21.71 ± 2.74
16.14 ± 7.24
20.5 (2, 29800)
39.25 ± 25.87
60/28
28/60
48/40
59/29

68.02 ± 8.77
122/63
28/157
42/143
22.87 ± 3.47
19.81 ± 9.56
29 (0, 19500)
36.48 ± 25.52
122/63
46/139
108/77
138/47

P value

Current (n = 32)

Never + Ex (n = 36)

P value

0.0153
< 0.0001
< 0.0001
0.9964
0.0031
0.0005
0.4338
0.4050
0.7142
0.2271
0.5498
0.1934

53.66 ± 13.74
31/1
13/19
5/27
23.01 ± 3.89
12.54 ± 5.25
64.9 (1, 271600)
47.69 ± 29.26
17/15
13/19
15/17
20/12

60.25 ± 10.46
28/8
9/27
7/29
22.85 ± 3.77
14.00 ± 7.11
14.8 (2.4, 209900)
51.53 ± 36.56
24/12
16/20
17/19
20/16

0.0284
0.0204
0.1692
0.6801
0.8656
0.3451
0.7995
0.6369
0.2546
0.7506
0.9772
0.5614

HCV: Hepatitis C virus; HBV: Hepatitis B virus; BMI: Body mass index; AFP: Alpha-fetoprotein.

covalently bind to DNA and form DNA adducts, which
play a central role in the carcinogenic process by
[21]
causing miscoding events in critical genes . One
hypothesis is that in current smokers, these genetic
abnormalities due to smoking are superimposed on
the natural course of C-HCC and thus highly malignant
HCC develops. We suspect that this hypothesis will be
verified by further studies in the near future.
Another interesting result of the present study is
that smoking status was not correlated with DFS in
the C-HCC group. Although this may be explained by
the carcinogenesis via chronic HCV infection, it seems
to contradict our finding that smoking habit was signifi
cantly associated with disease-specific survival. Two
hypotheses that may explain this contradiction are as
follows: (1) The malignant potential of recurrent tumors
in the current smokers was higher than that in the other
patients; and (2) the number of cases that had relapsed
as a metastatic lesion of the resected primary tumor
was larger in the current-smoker group compared to
the never + Ex-smoker group. To elucidate this point
clearly, it is crucial to analyze surgical outcomes based
on detailed information regarding post-surgery smoking

WJG|www.wjgnet.com

cessation. Quite regrettably, such data were not avai
lable in our database.
Although the inflammation and liver damage as
sociated with chronic hepatitis B also introduce an
accumulation of genetic and epigenetic alterations, a
direct effect of HBV contributes to the development
[2]
of B-HCC . HBV genomes can integrate into the host
genome and induce chromosomal alterations and
[22]
insertional mutagenesis of cancer genes . Therefore,
B-HCC can develop in the absence of inflammation,
[23]
which is in stark contrast to C-HCC development .
The reason for the different association of smoking
status and surgical outcomes between the B-HCC and
C-HCC groups may be caused by the differences in
carcinogenesis via HBV infection and HCV infection.
However, a study based in China that analyzed the
surgical outcomes of 302 patients with B-HCC reported
that smoking status was correlated with both HCC
[13]
recurrence and HCC mortality . Therefore, the reason
why smoking status did not correlate with the surgical
outcomes of B-HCC in the present study may be due
simply to the small sample size of the B-HCC patients (n
= 68, vs 273 C-HCC patients).
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The results of our subgroup analyses of the C-HCC
and B-HCC patients comparing the current-smoker
patients and the other patients were also interesting.
The analysis of the C-HCC group revealed that the
current-smoker group developed HCC at significantly
younger ages compared to the never+Ex group.
The current-smoker group was similarly significantly
younger in the B-HCC group. These results of the
[11]
present study and our NBNC-HCC study both showed
that current smokers develop HCC at a younger age
than other patients, which suggests an additive effect of
smoking on the development of HCC irrespective of the
virus infection status.
The limitations of the present study are retrospectivedesigned study, the small number of patients, and the
long study period for enrollment. Information regarding
post-surgery smoking status and treatment procedure
for recurrent tumor were not available. Although we
believe that our results provide important information
to elucidate HCC’s natural history involving the patients’
lifestyle, our findings should be verified by investigations
that include detailed smoking information, in large
retrospective or prospective studies.
In conclusion, our present findings indicate that a
current-smoking habit is significantly correlated with
the overall and disease-specific survivals of patients
with C-HCC. In contrast, our B-HCC patient group
showed a weak association between current smoking
and surgical outcomes. Our analyses also revealed
that the current smokers were significantly younger
than the other patients irrespective of hepatitis viral
infection status.

features and surgical outcomes, i.e., disease-free survival (DFS), overall
survival (OS), and disease-specific survival (DSS).
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5

Research results

The multivariate analysis in the C-HCC group revealed that current-smoker
status was significantly correlated with both OS and DSS. No significant
correlation was observed between current-smoker status and DFS, OS, or DSS
in the B-HCC patients of the univariate or multivariate analyses.

Research conclusions

Smoking habit is significantly correlated with the overall and disease-specific
survivals of patients with C-HCC, and in contrast, the B-HCC patients showed a
weak association between smoking status and surgical outcomes.

Research perspectives

The results of this study support the hypothesis that smoking-associated HCC
is with is high malignant potential. It would be a motivation for further research.
We expect future research clarify the mechanism of carcinogenesis of HCC
via smoking. Our results also can be expected to provide further motivation for
smoking cessation.
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Abstract

distal malignant biliary obstruction in elderly patients. World J
Gastroenterol 2018; 24(1): 69-75 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v24/i1/69.htm DOI: http://
dx.doi.org/10.3748/wjg.v24.i1.69

AIM
To study the safety of insertion of metallic stents in
elderly patients with unresectable distal malignant
biliary obstruction.
METHODS
Of 272 patients with unresectable distal malignant
biliary obstruction, 184 patients under the age of 80
were classified into Group A, and 88 subjects aged 80
years or more were classified into Group B. The safety
of metallic stent insertion, metal stent patency period,
and the obstruction rate were examined in each group.

INTRODUCTION
Endoscopic retrograde cholangiopancreatography
(ERCP) related procedure is a minimally invasive
diagnostic and therapeutic method for biliary and
pancreatic diseases and plays a very important role.
As for biliary drainage, endoscopic drainage by ERCP
is considered to be noninvasive and the first choice of
[1,2]
treatment . Either plastic or metallic stents are used
in endoscopic drainage for patients with unresectable
malignant biliary obstruction. However, it is desirable
to use a metallic stent because of its long patency
period and low obstruction rate, which reduce the
[1-4]
need for retreatment and the total treatment cost .
It is considered that metallic stents can be safely
inserted in patients with unresectable malignant biliary
obstruction, they are useful and the drainage effect
[5-8]
is excellent . Yet, to our knowledge, there are no
reports that examined the safety of insertion of metallic
stents in the elderly with an unresectable malignant
biliary obstruction. Therefore, we studied the safety
and usefulness of metallic stents for unresectable
distal malignant biliary obstruction in a multicenter,
collaborative, retrospective study.

RESULTS
In Group B, patients had a significantly worse per
formance status, high blood pressure, heart disease,
cerebrovascular disease, and dementia; besides the
rate of patients orally administered antiplatelet drugs
or anticoagulants tended to be higher (P < 0.05).
Metallic stents were successfully inserted in all patients.
The median patency period was 265.000 ± 26.779
(1-965) d; 252.000 ± 35.998 (1-618) d in Group A
and 269.000 ± 47.885 (1-965) d in Group B, with no
significant difference between the two groups. Metallic
stent obstruction occurred in 82 of the 272 (30.15%)
patients; in 53/184 (28.80%) patients in Group A
and in 29/88 (32.95%) of those in Group B, showing
no significant difference between the two groups.
Procedural accidents due to metal stent insertion
occurred in 24/272 (8.8%) patients; in 17/184 (9.2%)
of patients in Group A and in 7/88 (8.0%) of those in
Group B, with no significant difference between the two
groups, either.

MATERIALS AND METHODS
There were 272 patients diagnosed with unresectable
distal malignant biliary obstruction, at the 7 institutions
participating in this study, from January 2012 to July
2016. Metallic stents were inserted transpapillary
using the ERCP route. In all patients, endoscopic
sphincterotomy (EST) was performed previous to
metal stent insertion. The metallic stent used was
BONA stent (Sewoon Medical Co., Ltd. Delivery system,
8Fr., 10 mm diameter, fully covered stent). Inclusion
criteria were: (1) written informed consent for the
study obtained previous to the endoscopic treatment;
(2) patients aged 20 years or more; (3) patients
hospitalized on ERCP day who could be followed for
one week after ERCP; (4) patients not subjected to
stomach reconstruction with Billroth Ⅱ method or
Roux-en Y anastomosis; (5) patients who could orally
administered antiplatelet drugs or anticoagulants, and
could discontinue drug treatment for one week before
and after ERCP or EST; and (6) patients with a platelet
count of 50000/mL or more, and PT-INR 1.5 or less.
Exclusion criteria were (1) patients whose medical
record could not be reviewed after treatment; and
(2) other patients who were judged as inappropriate
by the investigator. There were 157 men and 115
women, whose mean age was 74.165 ± 11.649

CONCLUSION
These results suggested that metallic stents can be
safely inserted to treat unresectable distal malignant
biliary obstruction even in elderly patients aged 80
years or more.
Key words: Elderly patients; Metallic stent; Malignant
biliary obstruction
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: It was suggested that metallic stent insertion
for unresectable distal malignant biliary obstruction in
the elderly can be conducted safely and with a high
success rate, without any significant difference in the
occurrence of procedural accidents when compared
with the non-elderly group, even though the elderly
tend to have more underlying diseases.
Sakai Y, Iwai T, Shimura K, Gon K, Koizumi K, Ijima M, Chiba
K, Nakatani S, Sugiyama H, Tsuyuguchi T, Kamisawa T, Maetani
I, Kida M. Safety and efficacy of metallic stent for unresectable
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(44-96) years. The disease was pancreatic cancer in
208 patients, bile duct cancer in 30, metastatic biliary
obstruction in 16, duodenal papillary carcinoma in 9,
gallbladder cancer in 7, hepatocellular carcinoma in
1, and intraductal papillary mucinous carcinoma in 1
patient. Hepatic metastasis was found in 56 patients
and ascites retention in 68 patients. Duodenal stenosis
was detected in 40 patients and a duodenal stent was
inserted in all patients. In 250 patients the diagno
sis of malignancy was established by pathological
examination, and in the remaining patients imaging
techniques and clinical course. The bile duct diameter
prior to drainage was 12.093 ± 3.336 (4-23) mm, and
the stenosis length prior to the drainage was 27.276 ±
12.683 (5-59) mm. The result of hepatobiliary enzyme
tests prior to the drainage was ALT 141.139 ± 105.309
(29-851) IU/L, ALP 1498.163 ± 1248.051 (409-2620)
IU/L, and T-Bil 5.388 ± 6.203 (0.4-27.8) mg/dL.
Performance status (PS) determined according to the
criteria of the Eastern Cooperative Oncology Group was
0 in 80 patients, 1 in 10 patients, 2 in 56 patients, 3 in
66 patients and 4 in 60 patients. Underlying diseases
included high blood pressure in 107 patients, diabetes
mellitus in 81 patients, hyperlipidemia in 26 patients,
chronic lung disease in 43 patients, heart disease in 38
patients, chronic liver disease in 24 patients, chronic
kidney disease in 13 patients, cerebrovascular disease
in 25 patients, and dementia in 25 patients; and there
were 32 patients who were administered antiplatelet
drugs or anticoagulants. Chemotherapy was carried out
in 121 patients based on judgment by the attending
physician. The judgment of therapeutic effect was
made after 2 courses of chemotherapy. In patients for
whom chemotherapy could not be continued before
conducting 2 courses, the effect was judged at that
time. Chemotherapy effect was judged using RECIST
[9]
criteria . At the time of effect judgment, complete
response: CR was defined as disappearance of all
target lesions, and regarding lymph node involvement,
this was defined as reduction of the shorter diameter
to less than 10 mm. Partial response: PR was defined
as reduction by more than 30% compared to the sum
of total target lesion diameter at the baseline. Stable
disease: SD was defined as no reduction corresponding
to PR and no progress corresponding to PD. Progressive
disease: PD was defined as an increase by 20% or
more and an increase in absolute value by 5 mm or
more when compared with the sum of the minimum
diameter of the target lesion during the course. Patients
under 80 years of age were classified into Group
A and patients aged 80 or more into Group B. The
safety of metallic stent insertion, patency period after
metallic stent insertion, obstruction rate, and success
rate of metallic stent insertion were examined and
compared between the two groups. Early procedural
accidents occurring in ERCP-related procedures were
[10]
evaluated using Cotton’s classification . All treatments
were carried out with the patient’s or patient’s family
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informed consent, and a signed consent form was
obtained. This study was conducted with the approval
of the ethics committee of each participating facility.

Statistical analysis

Person χ 2 test with Yates correction and Fisher’s exact
test, when appropriate, were used for statistical analysis
of categorical variables. Stent patency and patient
survival time were estimated using the Kaplan-Meier
method, and the log-rank test was used to access
differences between the groups. Data were analyzed
using SPSS software version 11 (SPSS, Chicago, IL,
United States). Differences with a P value of < 0.05
were considered statistically significant.

RESULTS
The patient background data is shown in Table 1. In
Group B there were significantly more patients with
high blood pressure, heart disease, cerebrovascular
disease, and dementia, as well as more patients taking
antiplatelet drugs or anticoagulants. PS tended to be
significantly worse in Group B, and fewer patients were
subjected to chemotherapy in this group. Other factors
did not show a significant difference between Group
A and Group B. The results on treatment are shown
in Table 2. The success rate of metallic stent insertion
was 100% (272/272). The drainage effect after
insertion of the metal stent was ALT 70.375 ± 123.860
(10-278) IU/L, ALP 768.400 ± 70.181 (326-1855)
IU/L, and T-Bil 1.944 ± 2.873 (0.4-12.2) mg/dL,
showing significant reduction (P < 0.05). There was
no significant difference of ALT, ALP and T- Bil values
after the drainage between Group A and Group B, and
drainage was excellent. Chemotherapy was conducted
more frequently in Group A and best supportive care
was more frequently employed in Group B. As for
the effect of chemotherapy, CR was achieved in 0%
(0/121), PR in 13.2% (16/121), SD in 70.2% (85/121),
and PD in 16.5% (20/121) of the patients, with a
success rate of 13.2% (16/121). Prior to conducting
2 courses of chemotherapy, PD was observed in
8.3% (10/121) of the patients, thus it was not possi
ble to continue with the treatment. In Group A, the
number of patients with SD tended to be significantly
higher. The median of survival period was 205.000 ±
21.801 (7-999) d. The median of survival period was
246.000 ± 36.056 (7-738) d in Group A and 180.000
± 25.724 (7-999) d in Group B, showing no significant
difference (Figure 1). The median patency period
was 265.000 ± 26.779 (1-965) d; 252.000 ± 35.998
(1-618) d in Group A and 269.000 ± 47.885 (1-965)
d in Group B, with no significant difference (Figure
2). Stent obstruction occurred in 30.15% (82/272) of
the patients during the follow-up period. The cause
of stent obstruction included overgrowth in 6.3%
(17/272), ingrowth in 2.2% (6/272), sludge in 9.6%
(26/272), migration in 8.5% (23/272), food impaction
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Table 1 Patient background
< 80 yr old (Group A)

≥ 80 yr old (Group B)

P value

184
105
79
136
21
13
6
6
1
1
40
45
30
161

88
52
36
72
9
3
3
1
0
0
16
23
10
89

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

72
7
44
29
32
106
55
20
50
25
18
18
10
5
5
9

8
3
12
37
28
15
52
6
31
18
20
6
3
20
20
23

0.0000
NS
0.018
0.0004
0.0064
0.0000
0.0002
NS
NS
NS
0.0065
NS
NS
0.0000
0.0000
0.0270

Number of patients
Male
Female
Pancreatic cancer
Bile duct cancer
Metastatic biliary obstruction
Papilla vater cancer
Gallbladder cancer
Intraductal papillary mucinous carcinoma
Hepatocellular carcinoma
Hepatic metastasis
Ascites
Duodenal stent indwelling
Pathological diagnosis
Performance status
0
1
2
3
4
Chemotherapy
Hypertension
Hyperlipidemia
Diabetes mellitus
Chronic respiratory disease
Cardiac disease
Chronic liver disease
Chronic renal disease
Cerebrovascular disease
Dementia
Anticoagulant/antiplatelet
NS: Not significant.

< 80 yr old (Group A)
≥ 80 yr old (Group B)

1.0

1.0
0.8
Accumulated survival

Accumulated survival

0.8

< 80 yr old (Group A)
≥ 80 yr old (Group B)

0.6
0.4
0.2

0.6
0.4
0.2

0.0

0.0
0

200

400

600

800

1000

0

Survival period

200

400

600

800

1000

Patency period

Figure 1 Comparison of the survival period. The median of survival period
was 246.000 ± 36.056 (7-738) d in Group A and 180.000 ± 25.724 (7-999) d in
Group B, showing no significant difference.

Figure 2 Metallic stent patency period. The median patency period was
265.000 ± 26.779 (1-965) d; 252.000 ± 35.998 (1-618) d in Group A and
269.000 ± 47.885 (1-965) d in Group B, with no significant difference.

in 2.6% (7/272), and others in 1.1% (3/272). Stent
obstruction occurred in 28.80% (53/184) of patients in
Group A, and in 32.95% (29/88) of those in Group B
with no significant difference between the two groups.
There was no significant difference between Group A
and Group B regarding the cause-specific obstruction
rate (Table 3). Early procedural accidents due to ERCP
related procedures were observed in 8.8% (24/272)

of the patients. Early procedural accidents included
pancreatitis in 2.9% (8/272, mild 8), cholecystitis in
3.7% (10/272, mild 8, moderate 2), cholangitis in
1.1% (3/272 mild 3), stent migration in 0.4% (1/272),
and pneumonia in 0.7% (2/272). As shown in Table
4, there was no significant difference in the incidence
of procedural accidents between Group A and Group
B, whereas the onset of pancreatitis showed a
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Table 2 Treatment effect judgment
Drainage effect

< 80 yr old (Group A; n = 184)

≥ 80 yr old (Group B; n = 88)

P value

11.350 ± 3.6310 (4-23)
27.216 ± 12.688 (5-59)
162.767 ± 104.768 (29-851)
78.875 ± 159.482 (10-278)
1529.375 ± 1465.465 (409-2620)
871.000 ± 803.131 (326-1855)
5.438 ± 6.512 (0.4-27.8)
2.387 ± 3.879 (0.4-12.2)

12.819 ± 3.3148 (5-22)
27.292 ± 12.702(6-52)
127.567 ± 104.760(30-838)
66.039 ± 143.106 (13-270)
1489.447 ± 1102.192 (432-2512)
665.622 ± 557.643 (331-1811)
5.276 ± 5.858 (0.6-27)
1.580 ± 3.943 (0.6-12)

NS
NS
NS
NS
NS
NS
NS
NS

0
12
78
16
106
78

0
4
7
4
15
73

NS
NS
0.0000
NS
0.0000
0.0000

Bile duct diameter prior to drainage (mm)
Stenosis length prior to drainage (mm)
ALT prior to drainage (IU/L)
ALT post drainage (IU/L)
ALP prior to drainage (IU/L)
ALP post drainage (IU/L)
T-Bil prior to drainage (mg/dl)
T-Bil post drainage (mg/dl)
Chemotherapeutic effect
CR
PR
SD
PD
Total
Best supportive care
NS: Not significant.

calculus from the common bile duct, or drainage in
patients with obstructive jaundice. There are many
reports indicating that ERCP related procedures can
[11-14]
be safely performed even in the elderly
. However,
sufficient attention is necessary because there also
are reports describing that procedural accidents
[15]
easily become serious once they occur . In the
present study we assessed the feasibility of metallic
stent insertion in elderly patients with unresectable
distal malignant biliary obstruction. The study was
conducted because there have been no such reports
so far. In general, elderly people tend to have various
[11-15]
underlying diseases
, and this study also showed
that tendency. Although it is obvious that the patient
condition is not so good in such a situation, we showed
that a metal stent can be safely inserted even in
the elderly. In this study, there was no significant
difference in the survival period and the metallic stent
patency period. In recent years, patient prognosis
has improved thanks to advances in chemotherapy
[16-18]
for pancreatic cancer and bile duct cancer
. There
is a report showing that not only the survival period
but also metal stent patency period is prolonged by
[19]
chemotherapy for bile duct cancer . However, in
this study, no significant difference was found in the
survival period and the patency period, though the
number of patients who underwent chemotherapy in
the elderly group was significantly small. The reason
may be that the success rate of chemotherapy was low
in this study. The success rate of metal stent insertion
was 100% in both groups. Though it is a retrospective
study, the success rate of transpapillary metallic stent
[5-8]
insertion is generally high even in past reports .
Therefore, this result seems not to be a particularly
good result. There was no significant difference in
procedural accidents between the two groups, but the
incidence of pancreatitis tended to be lower in Group
B. The reason may be that in the elderly, pancreatic
function is deteriorated, which lowers the possibility of

Table 3 Cause of metallic stent obstruction
Related
complications

≥ 80 yr old
< 80 yr old
P value
(Group A; n = 184) (Group B; n = 88)

Overgrowth
Ingrowth
Sludge
Stent migration
Food impaction
Others
Total

10
6
16
15
3
3
53

7
0
10
8
4
0
29

NS
NS
NS
NS
NS
NS
NS

NS: Not significant.

Table 4 Comparison of early procedural accidents after
conducting endoscopic retrograde cholangiopancreatography
Related
complications

≥ 80 yr old
< 80 yr old
(Group A; n = 184) (Group B; n = 88)

Bleeding
0
Perforation
0
Pancreatitis
7 (mild)
Cholangitis
1 (mild)
Cholecystitis
8 (6 mild, 2 moderate)
Stent migration
1
Pneumoniae
0

0
0
1 (mild)
2 (mild)
2 (mild)
0
2

P value

NS
0.003
NS
NS
NS
NS

NS: Not significant.

significantly lower tendency in Group B: 0.01% (1/88)
when compared with in Group A: 3.8% (7/184). All
procedural accidents resolved without requiring a
surgical procedure.

DISCUSSION
In medical care treatment should be safer and
minimally invasive in consideration of the patient’s
quality of life. ERCP related procedures can be carried
out rather safely as they are minimally invasive and
a reasonable treatment method for removal of a
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[20]

useful treatment for unresectable distal malignant biliary obstruction in the
elderly. It was suggested that metallic stent insertion for unresectable distal
malignant biliary obstruction in the elderly can be conducted safely and with
a high success rate. We should insert metallic stent in unresectable distal
malignant biliary obstruction in the elderly patients for improvement of quality of
life positively.

developing pancreatitis . In addition, pneumonia was
observed in Group B but not in Group A. Since elderly
people have sometimes reduced sputum excretion
capacity, they may suffer from aspiration pneumonia.
Therefore, especially for the elderly it was considered
necessary to frequently conduct sputum aspiration
during and after surgery. This study suggested that
metallic stents can be safely inserted and are a useful
treatment for unresectable distal malignant biliary
obstruction in the elderly. However, since this was a
retrospective, multicenter study, a prospective study is
considered necessary in the future to further evaluate
the feasibility and usefulness of this procedure in
elderly patients.
In conclusion, it was suggested that metallic stent
insertion for unresectable distal malignant biliary
obstruction in the elderly can be conducted safely
and with a high success rate, without any significant
difference in the occurrence of procedural accidents
when compared with the non-elderly group, even though
the elderly tend to have more underlying diseases.

Research perspectives

A prospective study is considered necessary in the future to further evaluate
the feasibility and usefulness of metallic stent for unresectable distal malignant
biliary obstruction in elderly patients.
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Abstract
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AIM
To evaluate the short-term and long-term outcomes
following laparoscopic vs open surgery for pathological
T4 (pT4) colorectal cancer.

Conflict-of-interest statement: All authors declare no conflict
of interest.

METHODS
We retrospectively analyzed the short- and long-term
outcomes of proven pT4 colorectal cancer patients
who underwent complete resection by laparoscopic or
open surgery from 2006 to 2015 at Guangdong General
Hospital.

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
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RESULTS
A total of 211 pT4 colorectal cancer patients were
included in this analysis, including 101 cases in the
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laparoscopy (LAP) group and 110 cases in the open
surgery (OPEN) group [including 15 (12.9%) cases of
conversion to open surgery]. Clinical information (age,
gender, body mass index, comorbidities, American
Society of Anesthesiologists score, etc. ) did not differ
between the two groups. In terms of blood loss,
postoperative complications and rate of recovery, the
LAP group performed significantly more favorably (P
< 0.05). With regard to pT4a/b and combined organ
resection, there were significantly more cases in the
OPEN group (P < 0.05). The 3- and 5-year overall
survival rates were 74.9% and 60.5%, respectively,
for the LAP group and 62.4% and 46.5%, respectively,
for the OPEN group (P = 0.060). The 3- and 5-year
disease-free survival rates were 68.0% and 57.3%,
respectively, for the LAP group and 55.8% and
39.8%, respectively, for the OPEN group (P = 0.053).
Multivariate analysis showed that ⅢB/ⅢC stage, lymph
node status, and CA19-9 were significant predictors
of overall survival. PT4a/b, Ⅲ C stage, histological
subtypes, CA19-9, and adjuvant chemotherapy were
independent factors affecting disease-free survival.

INTRODUCTION
Colorectal cancer is a common malignant tumor. It
is the third most diagnosed cancer and the fourth
[1]
leading cause of cancer-related deaths worldwide .
In China, the incidence and mortality of colorectal
cancer are ranked among the top five of all cancers;
thus, colorectal cancer is a very serious public health
[2]
problem . In promoting comprehensive, individualized,
and precise treatments to date, surgical treatment is
still the only way to cure colorectal cancer. Since 1991,
when Jacobs first reported the technical feasibility
[3]
of laparoscopic colectomy , a number of successful
randomized controlled studies have been conducted
around the world to compare laparoscopy and la
parotomy, with encouraging results achieved. The
laparoscopic treatment of colorectal cancer can not
only achieve similar short- and long-term outcomes
comparable to laparotomy, but its advantage of
minimal invasiveness has gradually been recognized
[4-7]
and promoted . The American Joint Committee on
Cancer (AJCC) classifies T4 colorectal cancers as those
that invade into other organs and structures and/or
perforate the visceral peritoneum; laparoscopic surgery
in colorectal cancer at this stage is difficult as it is hard
to reach and violates the “no touch” principle. Therefore,
the AJCC and European Association of Endoscopic
Surgery do not recommend laparoscopic treatment of
[8]
pathological T4 (pT4) colorectal cancer . This study
retrospectively collected the data of pT4 colorectal
cancer patients at Guangdong General Hospital from
2006 to 2015, aiming to compare the outcomes of
laparoscopic vs open surgery.

CONCLUSION
Laparoscopy is safely used in the treatment of pT4
colorectal cancer while offering advantages of minimal
invasiveness and faster recovery. Laparoscopy is able
to achieve good oncologic outcomes similar to those
of open surgery. We recommend that laparoscopy be
carried out in experienced centers. It is still required to
screen the appropriate cases for laparoscopic surgery,
optimize the preoperative diagnosis process, and
reduce the conversion rate. Multi-center, prospective,
and large-sample studies are required to assess these
issues.
Key words: pT4 colorectal cancer; Laparoscopy; Open
surgery
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Laparoscopy has been widely used in the
treatment of colorectal cancer and has achieved a
good radical effect in oncology. However, current
clinical association guidelines do not recommend lapar
oscopic surgery for T4 colorectal cancer. This study
retrospectively collected the data of pathological T4
(pT4) colorectal cancer patients at Guangdong General
Hospital from 2006 to 2015, aiming to compare outcomes
of laparoscopic vs open surgery. The conclusion is that
laparoscopy is safely used in the treatment of pT4
colorectal cancer while offering advantages of faster
recovery. Laparoscopy is able to achieve good oncologic
outcomes similar to those of open surgery.

MATERIALS AND METHODS

Yang ZF, Wu DQ, Wang JJ, Lv ZJ, Li Y. Short- and long-term
outcomes following laparoscopic vs open surgery for pathological
T4 colorectal cancer: 10 years of experience in a single center.

Surgical procedure
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Patients

All pT4 colorectal cancer patients treated at Guangdong
General Hospital from 2006 to 2015 were enrolled
in this study. All patients were staged according to
th
the AJCC 7 edition manual for colorectal cancer. The
inclusion criteria included the following: (1) age of
18-75 years; (2) proven T4 pathology; and (3) radical
surgery (D3 lymph node dissection). The exclusion
criteria included the following: (1) low rectal cancer
(peritoneal reflection as the boundary); (2) preoperative
neoadjuvant treatment; (3) non-neoplastic deaths; and
(4) palliative resection.

Preoperative computed tomography (CT) and mag
netic resonance imaging were used to determine the
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cTis (M)

D0*, D1

cT1 (SM)

cT2 (MP)

AJCC/UICC TNM stage for adjuvant chemotherapy.
All patients were followed through outpatient visits.
According to the NCCN guidelines, patients were
subjected to a 5-year surveillance program consisting
of physical examinations and tumor marker (CEA and
CA19-9) analysis every 3 mo up to 2 years. Every 6
mo, patients had complete colonoscopies at one and
three years after surgery. Thoracic and abdominal
CT scans were planned every year for five years of
surveillance.

cN (+)

cN (-)

cT3 (SS, A)
cT4a (SE)
cT4b (SI, AI)

D2

D3

Figure 1 Flowchart for selection of the extent of lymph node dissection
(from reference 9).

Statistical analysis

Statistical analyses were performed using SPSS 19.0.
Quantitative data are reported as the mean ± SD or
2
median. Categorical data were compared by χ tests
or Fisher’s exact test. Survival curves [overall survival
(OS) and disease-free survival (DFS)] were derived
from Kaplan-Meier estimates, and the curves were
compared by the log-rank test. Prognostic factors were
identified by univariate analysis and further tested by
multivariate analysis. The results are reported as a
hazard ratio (HR) with 95%CI. A P-value < 0.05 was
considered statistically significant.

preoperative clinical stage. The decision to proceed with
laparoscopy or open surgery was made for all subjects
on a patient-by-patient basis following multidisciplinary
discussions and meetings. All cases entailed surgical
resection according to the Japanese Society for
[9]
Cancer of the Colon and Rectum (JSCCR) guidelines ,
which have the following requirements: D3 lymph
node dissection (Figure 1) to ensure the appropriate
resection length, and ensuring that the integrity of
the mesorectum and intraoperative operations follow
the principle of “no touch” (sharp separation, blood
vessels first, tumor isolation, etc.). According to
tumor location, the method of resection included the
following: total colectomy, right colectomy, extended
right colectomy, transverse colectomy, left colectomy,
sigmoid colectomy, mid/upper anterior resection, and
combined organ resection. Laparoscopic incision should
not exceed 6 cm. The conversion cases were analyzed
in the open surgery (OPEN) group.

RESULTS
During the period from 2006 to 2015, we collected
a total of 211 pT4a/bN0-2M0 cases according to
enrollment criteria from 2308 cases of colorectal cancer
at the Department of General Surgery of Guangdong
General Hospital. There were 101 cases in the
laparoscopy (LAP) group and 111 cases in the OPEN
group (Figure 2).
There were no significant differences in age,
gender, BMI, ASA score, tumor location, hemoglobin,
CA19-9, or CEA between the two groups (P > 0.05)
(Table 1).
For surgical outcome, conversion to open surgery
occurred in 15 (12.9%) patients, and all conversion
cases were analyzed in the OPEN group. There was no
significant difference between the two groups in terms
of intraoperative complications and postoperative
complications within 30 d (P > 0.05). Laparoscopic
surgery was slightly slower than open surgery (210.8
± 88.9 min vs 173.5 ± 72.7 min, P = 0.028); there
was less blood loss (155.0 ± 75.9 mL vs 235.1 ±
120.5 mL, P = 0.033) in laparoscopic surgery, whereas
open surgery showed better resection lengths (15.5
± 7.3 cm vs 19.5 ± 10.4 cm, P = 0.046). In the
case of combined organ resection, there were 21
(19.1%) patients in the OPEN group, including three
cases of abdominal wall resection, five cases of small
bowel (except duodenum) resection, three cases
of duodenum resection, two cases of urinary organ
resection, one case of stomach resection, four cases of
gynecologic organ resection, and three cases of liver
resection; in contrast, there were only five cases in the

Observation indexes

The preoperative indexes included age, gender, body
2
mass index (BMI; kg/m ), comorbidity, American
Society of Anesthesiologists (ASA) score, tumor
location, hemoglobin, and tumor markers (CA19-9 and
CEA). The intraoperative indexes included surgical and
pathological outcomes. Surgical outcomes included the
conversion rate (conversion was defined as an open
surgery performed during the laparoscopic procedure
in order to ensure complete resection, reconstruc
tion, or hemostasis and not just for the extraction of
specimens), tumor size, resection length, operative
time, blood loss, intraoperative complications, combined
organ resection, postoperative complications and
mortality. Pathological outcomes included the number of
lymph nodes dissected, lymph node status, margin, pT
stage, pN stage, pTNM stage, Dukes stage, histological
subtype, and differentiation. The postoperative recovery
indexes included time to flatus, diet, and ambulation
and hospital stays.

Follow-up

th

All patients were postoperatively referred to the 7
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Table 1 Clinical information of 211 colorectal cancer cases
Clinical information
Age
Gender
BMI (kg/m2)
Comorbidities
ASA score

Tumor location

HBG (g/L)
CA19-9 (U/mL)
CEA (ng/mL)
Postoperative adjuvant chemotherapy
Recurrence

> 60 yr
≤ 60 yr
Male
Female
< 24
≥ 24
Yes
No
Ⅰ
Ⅱ
Ⅲ
Mid/upper Rectum
Left colon
Right colon
mean ± SD
< 27
≥ 27
<5
≥5
Yes
No
Yes
No

LAP

OPEN

n = 101

n = 110

55
46
67
34
67
34
39
62
8
63
30
33
43
25
124.0 ± 27.1
78
23
60
41
49
52
22
79

58
52
66
44
73
37
42
68
9
72
29
35
47
28
120.7 ± 22.9
75
35
64
46
46
64
25
85

P value
0.270
0.392
0.348
1.000
0.715

0.989

0.263
0.163
0.666
0.332
0.711

CRC: Colorectal cancer; LAP: Laparoscopic surgery group; OPEN: Open surgery group; BMI: Body mass index; ASA: American Society of Anesthesiology;
HGB: Hemoglobin; CA19-9: Carbohydrate antigen 19-9; CEA: Caicinoembryonic antigen; SD: Standard deviation.

Colorectal cancer in GGH from 2006-2015
n = 2308
Exclude pT1-T3

pT4 colorectal cancer
n = 256

Exclude palliative surgery and low rectal cancer
pT4 colorectal cancer
n = 211
Cases from Laparoscopy conversion to
open will be analyzed in Open group

Laparoscopy conversion to open: 15 cases

Laparoscopy
n = 101

Open

n = 110

Figure 2 Study flowchart showing patient selection. GGH: Guangdong general hospital; pT4: Pathological proven T4.

LAP group (P = 0.001). For postoperative complications
within 30 d, there were 12 (12.9%) cases in the LAP
group, and there was a higher incidence in the OPEN
group (31.8%, P = 0.006) (Table 2).
Regarding pathologic outcomes, no significant
differences in the number of lymph nodes dissected,
lymph node status, margin, pN stage, pTNM stage,

WJG|www.wjgnet.com

Dukes stage, histological subtype, differentiation, or
HER2 status were detected when comparing the two
groups (P > 0.05). There were 21 pT4b cases in the
OPEN group but only five cases in the LAP group; a
comparison between the two groups in the pT stage
revealed a statistically significant difference (P = 0.021)
(Table 3).
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Table 2 Surgical outcomes of 211 colorectal cancer cases
Surgical outcome
Conversion to open (n/%)
Tumor size (cm)
Resection length (cm)
Operative time (min)
Blood loss (mL)
Intraoperative complications
Combined organ resection

Postoperative complications within 30 d

mean ± SD
mean ± SD
mean ± SD
mean ± SD
Total (%)
Abdominal wall
Small bowel (except duodenum)
Duodenum
Urinary organs
Stomach
Gynecologic organs
Liver
Total (%)
Anastomotic Hemorrhage
Urinary injury
Intraabdominal bleeding
Leakage
Gastroplegia
Infection
(incision and abdomen)
Disruption of incision
Obstruction

Postoperative morbidity within 30 d

LAP

OPEN

n = 101

n = 110

15 (12.9)
5.4 ± 1.9
15.5 ± 7.3
210.8 ± 88.9
155.0 ± 75.9
3
5 (5.0)
2
1
0
0
1
1
0
12 (12.9)
1
0
1
1
2
6

NR
5.2 ± 2.5
19.5 ± 10.4
173.5 ± 72.7
235.1 ± 120.5
8
21 (19.1)
3
5
3
2
1
4
3
35 (31.8)
2
1
2
4
4
15

0
1
0

5
2
1

P value
/
0.765
0.046
0.028
0.033
0.117
0.001

0.006

0.667

CRC: Colorectal cancer; LAP: Laparoscopic surgery group; OPEN: Open surgery group.

Table 3 Pathologic outcomes of 211 colorectal cancer cases
Pathologic outcome
Number of lymph nodes dissected
Lymph node status
Margin
pT stage
pN stage

pTNM stage

Dukes
Histological subtype
Differentiation
HER2

< 12
≥ 12
+
R1
R0
T4a
T4b
N0
N1
N2
ⅡB + ⅡC
ⅢB
ⅢC
B
C
Adenocarcinoma
Myxoadenocarcinoma
Poor
Median/high
-/+
++
+++

LAP

OPEN

n = 101

n = 110

25
76
67
34
2
99
96
5
36
28
37
34
30
37
34
67
87
14
20
81
86
10
5

38
72
74
36
3
107
89
21
35
32
43
35
24
51
35
75
94
16
25
85
96
10
4

P value
0.134
1.000
0.779
0.021
0.841

0.282

0.883
1.000
0.719
0.871

CRC: Colorectal cancer; LAP: Laparoscopic surgery group; OPEN: Open surgery group; SD: Standard deviation; p: Pathological.

With regard to postoperative recovery indexes, the
LAP group was significantly better than the OPEN group
(P < 0.05) in time to flatus, diet, and ambulation. The
median hospital stay was 7 (5-21) d for the LAP group

WJG|www.wjgnet.com

and 15 (7-31) d for the OPEN group, which showed
a statistically significant difference between the two
groups (P = 0.004) (Table 4).
The mean overall follow-up time was 36 mo
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Table 4 Postoperative recovery outcomes of 211 colorectal cancer cases
Recovery outcome
Time to flatus (d)
Time to diet (d)
Time to ambulation (d)
Hospital stays

Median (range)
Median (range)
Median (range)
Median (range)

LAP

OPEN

n = 101

n = 110

2 (1-9)
3 (2-18)
2 (1-5)
7 (5-21)

4 (3-15)
7 (5-27)
5 (3-9)
15 (7-31)

P value
0.037
0.003
0.027
0.004

LAP: Laparoscopic surgery group; OPEN: Open surgery group.

Overall survival curve

Disease-free survival curve
1.0

Surgical methods
Laparoscopy
Open
Laparoscopy-censored
Open-censored

0.8

Cumulative survival rate

Cumulative survival rate

1.0

0.6
0.4
0.2
0.0

Surgical methods
Laparoscopy
Open
Laparoscopy-censored
Open-censored

0.8
0.6
0.4
0.2
0.0

0

20

40

60

80

100

0

120

Overall survival time (mo)

20

40

60

   80

100

120

Disease-free survival time (mo)

Figure 3 The overall survival curve shows that 3- and 5-year overall
survival rates were 74.9% and 60.5%, respectively, in the LAP group and
62.4% and 46.5%, respectively, in the OPEN group. There was no significant
difference between the LAP and OPEN groups (P = 0.060).

Figure 4 The disease-free survival curve shows that the 3- and 5-year
disease-free survival rates were 68.0% and 57.3%, respectively, in the LAP
group and 55.8% and 39.8%, respectively, in the OPEN group. There was
no significant difference between the LAP and OPEN groups (P = 0.053).

(range, 2-24 mo); there was no difference between
the LAP and OPEN groups in terms of OS and DFS.
The 3- and 5-year OS rates were 74.9% and 60.5%,
respectively, for the LAP group and 62.4% and 46.5%,
respectively, for the OPEN group (P = 0.60) (Figure
3). The 3- and 5-year DFS rates were 68.0% and
57.3%, respectively, for the LAP group and 55.8 and
39.8%, respectively, for the OPEN group (P = 0.053)
(Figure 4). Disease recurrence over the entire followup period was observed in 21.8% (n = 22) of patients
in the LAP group and 22.7% (n = 25) of patients in the
OPEN group (P = 0.711) (Table 1), without significant
differences between the LAP and OPEN groups (P =
0.711). In the multivariate regression analysis, TNM
stage (ⅢB, ⅢC), lymph node status (pN+), and
CA19-9 were significant predictors of OS. TNM stage (Ⅲ
C), histological subtype, CA19-9, and chemotherapy
were predictive of DFS (Tables 5 and 6).

achieve faster recovery and similar oncologic outcomes
[10-12]
compared with open surgery
. However, due to
the large tumor size of T4 colorectal cancer and more
frequent invasion of peripheral tissues or nearby organs,
laparoscopic complete resection is difficult and has high
risks; the majority of clinical studies have fewer cases of
[13,14]
T4 colorectal cancer
, and some studies do not enroll
[15,16]
any such cases
. Therefore, the evidence-based data
that support the laparoscopic resection in T4 colorectal
cancer are limited. Laparoscopic resection of T4
colorectal cancer is regarded a technique that demands
precision, and its efficacy remains controversial. The
relevant guidelines do not recommend laparoscopy in
[8]
T4 colorectal cancer . However, due to the maturity
and progress of the laparoscopic platform, coupled with
the popularity of and improvements in laparoscopic
techniques, some surgeons in certain experienced
centers have tried to use laparoscopic techniques in T4
colorectal cancer, achieving similar short- and long-term
[17-20]
outcomes to open surgery
.
This study decided whether laparoscopic or open
surgery should be performed based on the results of
preoperative imaging examination and the patient’
s condition; the main referenced indicators included
the following: tumor location, tumor size, and the
[21]
scope of invaded organ . We found a statistically

DISCUSSION
Since the first report of laparoscopic colorectal re
section in 1991, some prospective clinical studies
of laparoscopic resection for colorectal cancer have
confirmed that laparoscopic techniques not only achieve
minimally invasive and cosmetic effects but also
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Table 5 Univariate and multivariate analyses of 211 pathological T4 colorectal cancer patients for overall survival
Univariate analysis
Variable
Age
Gender
Surgical method (LAP and OPEN)
Tumor location
Mid/upper rectum
Left colon
Right colon
Comorbidities
pT4a/b
N stage
N0
N1
N2
TNM stage
ⅡB + ⅡC
ⅢB
ⅢC
Lymph node status
No. of lymph nodes resected
Histological subtype
Differentiation
CA19-9
CEA
Chemotherapy

Multivariate analysis

HR (95%CI)

P value

1.217 (0.784-1.888)
0.807 (0.508-1.281)
1.528 (0.982-2.377)

0.381
0.363
0.060

Reference group
1.303 (0.813-2.091)
0.792 (0.409-1.533)
1.603 (1.007-2.552)
0.790 (0.692-1.236)

0.272
0.489
0.047
0.445

Reference group
1.328 (0.701-2.517)
2.079 (1.170-3.697)

0.384
0.013

Reference group
1.229 (0.564-2.679)
3.092 (1.617-5.913)
0.560 (0.324-0.968)
0.593 (0.385-0.915)
0.369 (0.212-0.640)
0.326 (0.204-0.519)
1.868 (1.195-2.922)
1.089 (0.706-1.680)
1.611 (1.040-2.494)

0.604
0.001
0.038
0.018
0.000
0.000
0.006
0.013
0.033

HR (95%CI)

P value

2.519 (1.436-4.419)

0.142

Reference group
1.324 (0.785-1.753)
1.104 (0.333-3.662)
0.307 (0.103-0.919)
0.432 (0.264-0.708)
0.433 (0.218-0.859)
0.460 (0.273-0.775)
1.662 (1.212-2.280)
0.608 (0.356-1.038)
2.225 (1.394-3.552)

0.019
0.001
0.035
0.123
0.247
0.087
0.002
0.068
0.181

CRC: Colorectal cancer; LAP: Laparoscopy surgery; OPEN: Open surgery; p: Pathological; CA19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic
antigen; HR: Hazard ratio.

Table 6 Univariate and multivariate analyses of 211 pathological T4 colorectal cancer patients for disease-free survival
Univariate analysis
Variable
Age
Gender
Surgical method (LAP and OPEN)
Tumor location
Mid/upper rectum
Left colon
Right colon
Comorbidities
pT4a/b
N stage
N0
N1
N2
TNM stage
ⅡB + ⅡC
ⅢB
ⅢC
Lymph node status
No. of lymph nodes resected
Histological subtype
Differentiation
CA19-9
CEA
Chemotherapy

Multivariate analysis

HR (95%CI)

P value

HR (95%CI)

P value

1.621 (1.010-2.601)
1.328 (0.824-2.141)
1.503 (0.933-2.422)

0.045
0.243
0.094

1.892 (1.111-3.223)

0.419

Reference group
1.010 (0.601-10697)
0.818 (0.411-1.629)
1.787 (1.058-3.019)
0.818 (0.618-1.725)

0.969
0.568
0.030
0.013

2.261 (1.235-4.139)
1.214 (0.784-1.974)

0.080
0.001

Reference group
1.134 (0.594-2.167)
1.553 (0.861-2.801)

0.703
0.144

Reference group
1.034 (0.471-2.269)
2.284 (1.202-4.337)
0.710 (0.411-1.229)
0.661 (0.411-1.061)
0.456 (0.243-0.854)
0.439 (0.266-0.725)
2.458 (1.526-3.960)
1.268 (0.790-2.036)
2.157 (1.323-3.514)

0.933
0.012
0.221
0.087
0.014
0.001
0.000
0.326
0.002

Reference group
0.884 (0.393-1.989)
1.831 (0.935-3.584)

0.765
0.018

0.469 (0.225-0.974)
0.662 (0.374-1.170)
3.372 (1.968-5.778)
0.608 (0.356-1.038)
3.817 (2.194-6.639)

0.042
0.156
0.000
0.072
0.000

CRC: Colorectal cancer; LAP: Laparoscopic surgery; OPEN: Open surgery; p-Pathological; CA19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic
antigen; HR: Hazard ratio.
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455:406

Ahmad et al[25],
2015

2011-2012

2008-2014
2008-2015

RS

RS
RS

RPSM

RPSM

RS

RS

RS

Canada

France
Switzerland
France
Switzerland
Spain
Singapore
Italy

United
States
South Korea

South Korea

Country

ACSNS
QIP

Single
Single

Multi

Multi

Single

Single

Single

Single/Multi
center

24.7%

8.6%
19%

21.2%

12.2%

7.7%

21%

5.6%

Conversion
rate

Colon

Colon
Colon

Rectum

Colon

Colon

Colon
rectum
Colon

-

7.4%:16.5%

30.8%:48.1%

29.1%:35.3%

13.5%:36.8%

28%:36%

14.1%:31.5%

Location Complication rate
(LAP:OPEN)

Ⅱ:35
Ⅲ:48
Ⅱ:41
Ⅲ:68
Ⅱ:85
Ⅲ:127
Ⅱ:42
Ⅲ:33
Ⅳ:29
Ⅱ:69
Ⅲ:78
-

-

-

0%:3.4%
-

26.9%:30.8%

14.2%:18.9%

13.5%:36.8%

23%:41%

9.9%:32.5%

26.2%:24.3%

0%:0.7%
11.8%:11.5%

19.2%:17.3%

5.7%:6.6%

-

0%:4%

5.5%:4.5%

Tumor stage Combined resection
RI rate
(LAP:OPEN)
(LAP:OPEN)

-

40.3%:38.9%

66.7%:64.1%

58.6%:59.9%

75%:65%
(3 yr)
53.6%:62.6%

81.8%:73.9%

5 years DFS
(LAP:OPEN)

-

75%:80%
44.6%:39.4%

55.4%:53.3%

57.6%:50.2%

82%:81%
(3 yr)
60.7%:61.9%

95.3%:86.5%

5 years OS
(LAP:OPEN)

significant difference in the postoperative pT stage between the two groups (P = 0.021), with 21 cases of pT4b in the OPEN group. An examination of postoperative
surgical outcomes (Table 2) revealed 21 cases of combined organ resection in the OPEN group, with the most commonly invaded organs including the small intestine,
gynecological organs, and duodenum; in contrast, the LAP group had only five cases, and the number of cases of combined organ resection was thus significantly
[22,23]
different for the two groups (P = 0.001), which is consistent with the results of previous studies
. These data also demonstrate that T4b stage may be an important
consideration for surgeons to select laparoscopic or open surgery because it is very difficult to achieve the goal of complete resection using the “no touch” principle;
[8]
therefore, guidelines do not recommend laparoscopic resection in T4 colorectal cancer . However, such considerations lead to selective bias in the study, which is one of
the limitations in both this study and a retrospective study.
Because of the larger tumor, a wide scope of invasion, combined with resection of other organs, especially due to the lack of laparoscopic experience in some centers, may
[11,15,24]
lead to a high conversion rate. Previous studies of laparoscopic surgery in colorectal cancer (stage Ⅱ-Ⅲ)
reported that the conversion rate was 25% in the CLASSIC
trial (for colon cancer), 17% in the COLOR trial, and 21% in the COSTSG trial, whereas a retrospective study of pT4 colorectal cancer showed that the conversion rate was
[17,19,22,25-29]
5.6%-24.7%
; this study showed a conversion rate of 12.9%, which is consistent with reports in the literature. The conversion rates reported by some studies
[22,29,30]
[17,18,25,27]
of pT4 colorectal cancer in South Korea and Singapore were 5.6%, 7.7% and 8.6%
, which are significantly lower than those from the US and Europe
(Table
7). We explain these differences as follows: (1) Laparoscopic technology and experience may differ between Asian and Western countries; (2) the conversion standard
used was different; (3) there was a lack of preoperative imaging assessments to select appropriate laparoscopic surgery cases in Western countries; and (4) European
[17-25]
populations had a higher BMI. All these factors increase the difficulty of surgery
. Thus, surgeons should choose the appropriate pT4 colorectal cases to perform
laparoscopic surgery in order to reduce the conversion rate and ensure operation safety. We recommend laparoscopic surgery as an option in experienced centers and
for T4a cases with tumor sizes < 5 cm and when only a single organ has been invaded by T4 colorectal cancer.
In this study, the LAP group had longer operative time (210.8 ± 88.9 min vs 173.5 ± 72.7 min, P = 0.028), which may be related to the lack of experience and

LAP: Laparoscopy; RS: Retrospective study; RPSM: Retrospective propensity score matching; ACSNS: American College of Surgeons National Surgical Quality Improvement Program; OS: Overall survival; DFS: Disease-free
survival.

93:59
68:79

2005-2015

52:52

Chan et al[30], 2016
Leon et al[27], 2017

2005-2014

52:57

106:106

2003-2013

61:22

Shukla et al[20],
2015
Kang et al[29], 2016

de’Angelis et al[18],
2016
de’Angelis et al[17],
2016

2003-2011

93:18

2000-2010

n (LAP:OPEN) Study period Study design

Park et al[22], 2016

Ref.
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[19]

the difficulty of this surgery . The resection length
(19.5 ± 10.4 cm) obtained in the OPEN group was
significantly better (P = 0.046). The literature shows
that the incidence of postoperative complications
associated with laparoscopic surgery was clearly lower
[31]
than that associated with open surgery . In this
study, the rate of postoperative complication within
30 d in the LAP group was 12.9% (12/101), which was
lower than 31.8% (35/110) in the OPEN group, and
the most common complications in the OPEN group
were infection (incision and abdomen) and disruption of
[32]
incision, similar to a previous report in the literature .
Therefore, attention should be paid to intraoperative
sterile principles and the suture of incision.
With regard to postoperative recovery outcomes,
the LAP group had clear advantages in time to flatus (P
= 0.037), diet (P = 0.003), and ambulation (P = 0.027)
and hospital stays (P = 0.004) compared with the
OPEN group (Table 4). Laparoscopy has the advantages
of minimal invasion and fast recovery, which is in
[12,15,16]
agreement with many earlier clinical studies
.
In colorectal cancer surgery, lymph node dissection
and R0 resection are important factors affecting long[33]
term survival . We performed D3 lymphadenectomy
(parenteral lymph node -middle lymph node-central lymph
[34]
node)
according to the guidelines recommended
by the JSCCR. Previous studies have shown that
laparoscopic treatment of colorectal cancer achieved
[11,16,18]
an R0 resection rate between 80.8% and 98%
.
In this study, the percentage of cases with the number
of lymph nodes dissected greater than 12 was 75.2%
(76/101) in the LAP group and 65.5% (72/110) in the
OPEN group, and the difference was not significantly
different (P = 0.134). Concurrently, the R0 resection
rate in the LAP group was 98% (99/101), whereas in
the OPEN group, it was 97.3% (107/110), which was
not significantly different (P = 0.779). Thus, we believe
that laparoscopic treatment in pT4 colorectal cancer
can achieve similar oncological outcomes to open
surgery. Finally, no differences in the 3- and 5-year
OS rates (P = 0.060) and in 3- and 5-year DFS rates
(P = 0.053) were observed when comparing the two
groups, suggesting that laparoscopy may be a valid
and effective tool to treat pT4 colorectal cancer without
jeopardizing oncologic results, in accordance with the
previously reported series. Multivariate analysis in our
series detected ⅢB/ⅢC stage, lymph node status, and
CA19-9 as independent predictors of OS, and pT4a/b,
ⅢC stage, CA19-9, and adjuvant chemotherapy as
independent predictors of DFS.
In conclusion, laparoscopic surgery may be safe and
acceptable in the treatment of pathologic T4 colorectal
cancer patients with fast recovery outcomes and
oncologic outcomes compared with open surgery. Thus,
laparoscopy should not be regarded as an absolute
contraindication in the management of pT4 colorectal
cancer. Finally, as this study is only a retrospective
study in a single center with a small sample size, the
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results need to be confirmed by prospective, multicenter and large sample clinical studies.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Laparoscopy has been widely used in the treatment of colorectal cancer and it
has achieved a good radical effect in oncology. However, for the current clinical
guidelines, laparoscopic surgery is not recommended in T4 colorectal cancer.

Research motivation

Due to the characteristics of T4 colorectal cancer, laparoscopic complete
resection is difficult for the resection of this kind of tumor. The current colorectal
studies about laparoscopy have fewer cases of T4 colorectal cancer, and some
studies do not enroll any such cases. We tried to collect and analyze the data
about laparoscopy in T4 colorectal cancer in order to add evidence-based
clinical evidence.

Research objectives

We aimed to analyze the short- and long-term outcomes of proven pathological
T4 colorectal cancer patients who underwent complete resection by lapa
roscopic or open surgery.

Research methods

We collected and analyzed the data of pT4 colorectal cancer cases at
Guangdong General Hospital from 2006 to 2015. All patients were staged
according to the AJCC 7th edition manual for colorectal cancer. We compared
the laparoscopy (LAP) group and open (OPEN) group in clinical information,
surgical and pathological outcomes, postoperative recovery outcomes, and
survival.

Research results

There were 101 cases in the LAP group and 110 cases in the OPEN group
[including15 (12.9%) cases of conversion to open surgery]. Clinical information
did not differ between the two groups. In terms of blood loss, postoperative
complications, and rate of recovery, the LAP group performed significantly more
favorably (P < 0.05). With regard to pT4a/b and combined organ resection,
there were significantly more cases in the OPEN group (P < 0.05). The 3- and
5-year overall survival rates were 74.9% and 60.5%, respectively, for the LAP
group and 62.4% and 46.5%, respectively, for the OPEN group (P = 0.060). The
3- and 5-year disease-free survival rates were 68.0% and 57.3%, respectively,
for the LAP group and 55.8% and 39.8%, respectively, for the OPEN group (P
= 0.053). Multivariate analysis showed that ⅢB/ⅢC stage, lymph node status,
and CA19-9 were significant predictors of overall survival. PT4a/b, ⅢC stage,
histological subtype, CA19-9, and adjuvant chemotherapy were independent
factors affecting disease-free survival.

Research conclusions

Laparoscopic surgery may be safe and acceptable in the treatment of
pathologic T4 colorectal cancer patients with fast recovery outcomes and
oncologic outcomes compared with open surgery. We recommend that it can
be carried out in experienced centers. It is required to screen the appropriate
cases for laparoscopic surgery, optimize the preoperative diagnosis process,
and reduce the conversion rate.

Research perspectives

Although our study shows that laparoscopy is able to achieve good
clinicopathological and oncologic outcomes similar to those of open surgery,
this study is only a retrospective study in a single center with a small sample,
and the results need to be confirmed by prospective, multi-center and large
sample clinical studies.
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Abstract
AIM
To investigate the relationship between histological
mixed-type of early gastric cancer (EGC) in the mucosa
and submucosa and lymph node metastasis (LNM).

Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used
anonymized clinical data that were obtained after each patient
agreed by written consent to undergo curative gastrectomy with
lymph node dissection.

METHODS
This study included 298 patients who underwent
gastrectomy for EGC between 2005 and 2012. Enrolled
lesions were divided into groups of pure differentiated
(pure D), pure undifferentiated (pure U), and mixed-

Conflict-of-interest statement: The authors have no conflicts
of interest to disclose.
Data sharing statement: No additional data are available.
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type according to the proportion of the differentiated
and undifferentiated components observed under
a microscope. We reviewed the clinicopathological
features, including age, sex, location, size, gross type,
lymphovascular invasion, ulceration, and LNM, among
the three groups. Furthermore, we evaluated the
predictors of LNM in the mucosa-confined EGC.

Zhong Q, Sun Q, Xu GF, Fan XQ, Xu YY, Liu F, Song SY, Peng
CY, Wang L. Differential analysis of lymph node metastasis in
histological mixed-type early gastric carcinoma in the mucosa
and submucosa. World J Gastroenterol 2018; 24(1): 87-95
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i1/87.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i1.87

RESULTS
Of the 298 patients, 165 (55.4%) had mucosa-confined
EGC and 133 (44.6%) had submucosa-invasive EGC.
Only 13 (7.9%) cases of mucosa-confined EGC and
30 (22.6%) cases of submucosa-invasive EGC were
observed to have LNM. The submucosal invasion (OR =
4.58, 95%CI: 1.23-16.97, P = 0.023), pure U type (OR
= 4.97, 95%CI: 1.21-20.39, P = 0.026), and mixedtype (OR = 5.84, 95%CI: 1.05-32.61, P = 0.044) were
independent risk factors for LNM in EGC. The rate of
LNM in mucosa-confined EGC was higher in the mixedtype group (P = 0.012) and pure U group (P = 0.010)
than in the pure D group, but no significant difference
was found between the mixed-type group and pure
U group (P = 0.739). Similarly, the rate of LNM in the
submucosa-invasive EGC was higher in the mixedtype (P = 0.012) and pure U group (P = 0.009) than
in the pure D group but was not significantly different
between the mixed-type and pure U group (P = 0.375).
Multivariate logistic analysis showed that only female
sex (OR = 5.83, 95%CI: 1.64-20.70, P = 0.028) and
presence of lymphovascular invasion (OR = 13.18,
95%CI: 1.39-125.30, P = 0.020) were independent
risk factors for LNM in mucosa-confined EGC, while
histological type was not an independent risk factor for
LNM in mucosa-confined EGC (P = 0.106).

INTRODUCTION
Gastric carcinoma is the second leading cause of cancerrelated death behind lung carcinoma, despite a worldwide
decline in both its incidence and mortality since the late
[1]
half of the twentieth century . Endoscopic resection
can be curative for selected cases of early gastric cancer
[2]
(EGC) . Endoscopic submucosal dissection (ESD),
a recently developed technique, is a widely accepted
treatment modality for EGC, including undifferentiatedtype EGC within the expanded criteria (mucosal
cancer measuring less than 2 cm without ulceration
or lymphovascular tumor emboli). Some studies have
shown that there is no risk of lymph node metastasis
(LNM) in undifferentiated-type EGC, conforming to
[3-5]
the expanded criteria for endoscopic resection . The
incidence of LNM is the most important factor when
[6]
deciding on endoscopic resection in ECG . Therefore,
the criteria for ESD consist of factors related to the risk of
LNM, including histological differentiation and tumor size.
The prognosis of EGC is mainly dependent on
histological differentiation, which determines the extent
of LNM and can potentially assist in selecting the
[7-9]
most suitable treatment strategy . However, gastric
cancer tissues often present histological heterogeneity
and comprise a mixture of several different cell types.
Before a treatment has been selected, it is difficult for
pathologists to accurately diagnose the histological
type of the cancer tissue based on the histological
th
differentiation state definitions as defined by the 14
[10]
th
Japanese classification of gastric carcinoma or the 7
[11]
tumor-node-metastasis classification . This is especially
the case in mixed-type gastric cancer from several biopsy
specimens. Approximately 5%-25% of gastric cancers
are classified as having a histological mixed-type in
[12,13]
previous studies
, consisting of undifferentiated and
differentiated components.
Recently, several studies have reported that mixedtype EGC was associated with aggressive clinical
[12,14]
features as well as poor outcomes
. However, these
studies did not consider the different biological behaviors
of the mucosal mixed-type EGC and submucosal mixedtype EGC, although patients with submucosal EGC
would undoubtedly be at a higher risk of LNM and poor
prognosis than those with mucosal EGC. Therefore,
the biological behavior of the histological mixed-type in
mucosal EGC remains undetermined. In this study, we
aimed to clarify the relationship of histological mixedtype EGC and the rate of LNM, and the feasibility of

CONCLUSION
For mucosal EGC, histological mixed-type is not an
independent risk factor for LNM and could be managed
in the same way as the undifferentiated type.
Key words: early gastric carcinoma; mixed-type; lymph
node metastasis; mucosa; lymphovascular invasion
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This retrospective study investigated the
relationship between the histological mixed-type of early
gastric carcinoma (EGC) in the mucosa and submucosa
and lymph node metastasis (LNM). We found that the
rates of LNM in the histological mixed-type and the pure
undifferentiated type were not significantly different
in the mucosal or submucosal EGC. Furthermore,
histological type was not an independent risk factor
for LNM in mucosa-confined EGC. Hence, according to
WHO classification, histological mixed-type and pure
undifferentiated EGC could be managed in the same
way, and curative endoscopic submucosal dissection
is feasible for patients with histological mixed-type
mucosa-confined EGC.
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Statistical analysis

endoscopic resection for patients with mixed-type EGC
in the mucosa.

Analysis of variance was used to compare the mean
values of the continuous variables among the three
2
different histological subgroups, and the χ test was
performed on the categorical variables. Bonferroni
correction for multiple comparisons suggested diffe
rences between two of the three histological subgroups.
Multivariate logistic regression analysis was performed
to determine the predictors of LNM. The significant
difference was set at an alpha level of 0.05. When
the Bonferroni correction was applied, the significant
difference was set at an alpha level of 0.017, which was
[15]
0.05/number of tests . All statistical analyses were
performed using SPSS software, version 22.0 (SPSS
Inc., Chicago, IL, United States).

MATERIALS AND METHODS
Patients

A consecutive series of 298 patients diagnosed with
EGC were examined. All patients, including 165 patients
with EGC in the mucosa and 133 patients with EGC in
the submucosa, underwent curative gastrectomy with
lymph node dissection at the Department of Surgery
at Nanjing Drum Tower Hospital from January 2005
to January 2012. Patients who were treated with
chemotherapy before surgery were excluded from this
study. Histopathological examination was performed
by expert pathologists. Data on the clinicopathological
factors, including age, sex, tumor location, macroscopic
appearance, size, presence of stomach ulcer, infection
with Helicobacter pylori (H. pylori), lymphovascular
invasion, and presence of LNM, were obtained. After
surgery, patients were told to visit our outpatient
department for esophagogastroduodenoscopy and
abdominal pelvic computed tomography, which were
performed at 3- and 6-mo intervals during the first
year and then annually thereafter. This study was
approved by the Institutional Review Board of Nanjing
Drum Tower Hospital.

RESULTS
Clinicopathological characteristics of patients with EGC

The study group consisted of 206 male patients and 92
female patients with a median age of 59.5 years (range,
18-86 years). Seventy-one patients had tumors in
the upper third of the stomach and 227 in the middle
or lower third. One hundred and six patients had an
elevated gross type and 192 patients had a flat or
depressed gross type. There were 165 patients with
EGC in the mucosa and 133 patients with EGC in the
submucosa. Histologically, patients were divided into
the following four groups: 188 (63.1%) patients with
the pure D histological type, 24 (7.0%) with the D > U
histological type, 17 (5.7%) with the U > D histological
type, and 69 (23.2%) with the pure U histological type.
The overall prevalence of the histological mixed-type,
including the D > U and U > D histological types, was
12.7% (41/298) in EGC. The overall incidence of LNM
was 14.4% in EGC (Table 1). In a univariate analysis
of EGC, LNM was associated with younger age (P =
0.005), female sex (P = 0.044), tumor size (P = 0.022),
middle/lower location (P = 0.010), lymphovascular
invasion (P = 0.013), flat/depressed gross type (P =
0.034), depth of submucosal invasion (P = 0.001),
pure U type (P = 0.005), and mixed-type (P = 0.001).
Given that the criteria for ESD treatment of EGC
consist of the invasion depth, histological type, tumor
size, and ulceration, it is reasonable and meaningful to
take these four covariates into a multivariate analysis
to assess their main effect on the rate of LNM. The
multivariate analysis showed that submucosal invasion
(OR = 4.58, 95%CI: 1.23-16.97, P = 0.023), pure U
type (OR = 4.97, 95%CI: 1.21-20.39, P = 0.026), and
mixed-type (OR = 5.84, 95%CI: 1.05-32.61, P = 0.044)
were independent risk factors for LNM in EGC. There
was no interaction effect between the invasion depth
and histological type (P = 0.822) (Table 2).

Subgroups based on the histological differentiation
state

Patients were divided into three subgroups according
to the histological features of their tumors: (1) a pure
differentiated component with no undifferentiated
component (pure D group); (2) a pure undifferentiated
component with no differentiated component (pure U
group); and (3) a histological mixed-type that consisted
of both differentiated and undifferentiated components
(mixed-type group). The histological mixed-type
includes the differentiated-predominant mixed-type
with undifferentiated component making up less 50%
(D > U group) and the undifferentiated-predominant
mixed-type with undifferentiated component making
up more than 50% (U > D group). According to the
Japanese classification of gastric carcinoma, the pure D
and D > U groups were classified as the differentiated
type of gastric cancer, whereas the U > D and pure
U groups were classified as the undifferentiated type.
On the other hand, according to the tumor-nodemetastasis classification, only the pure D group was
classified as the differentiated type, and the remaining
three groups were classified as the undifferentiated
[6]
type. The Japanese classification of gastric carcinoma
was used to classify the macroscopic type of the
tumors as follows: elevated (Ⅰ, Ⅱa,Ⅰand Ⅱa, Ⅱa and
Ⅱb), flat (Ⅱb), and depressed (Ⅱc, Ⅱc and Ⅲ, Ⅲ).
According to the different histological classifications, the
cases of EGC in the mucosa and submucosa are shown
in Figure 1.
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Differentiated (188)

WHO

Undifferentiated (110)

M: Mixed-type (17)
SM: Mixed-type (24)

M: Pure D (99)
SM: Pure D (89)

Janpanese

M: D > U (9)
SM: D > U (15)

M: U > D (8)
SM: U > D (9)

M: Pure U (49)
SM: Pure U (20)

Undifferentiated (86)

Differentiated (212)

Figure 1 The relationship among the histological classifications of early gastric cancer in the mucosa and submucosa. Of the 298 cases, there were
212 with differentiated type gastric cancer and 86 with undifferentiated type gastric cancer based on the Japanese classification currently used as the endoscopic
resection criteria. In accordance with the WHO classification, there were 188 patients with differentiated type and 110 patients with undifferentiated type gastric cancer.
According to the histological differentiation and undifferentiation components, 41 patients were reclassified as mixed-type. For mucosal early gastric cancer (EGC),
there were 99 patients in the pure differentiated (pure D) group, 9 in the differentiated > undifferentiated (D > U) group, 8 in the undifferentiated > differentiated (U >
D) group, and 49 in the pure undifferentiated (pure U) group. For submucosal EGC, there were 89 in the pure D group, 15 in the D > U group, 9 in the U > D group,
and 20 in the pure U group. Among the 41 patients with mixed-type EGC, there were 17 in the mucosa and 24 in the submucosa. D: Differentiated; M: Mucosa; SM:
Submucosa; U: Undifferentiated.

tumor location (P = 0.003), gross type (P < 0.001),
ulceration (P = 0.015), H. pylori (P = 0.025), and LNM
(P = 0.016) significantly differed among the three
histological subgroups, while tumor size (P = 0.802)
and lymphovascular invasion (P = 0.589) were similarly
distributed among the three histological subgroups.
Patients in the mixed-type group were more likely to
have H. pylori infection than those in the pure U group
(P = 0.015). Besides tumor size and lymphovascular
invasion, age (P = 0.525), gender (P = 0.151),
tumor location (P = 0.759), gross type (P = 0.507),
and ulceration (P = 0.490) were similarly distributed
between the mixed-type group and pure U group. Of
note, the rate of LNM was similar between the mixedtype group and the pure U group (P = 0.739), although
it was significantly higher in the mixed-type group (P
= 0.012) and pure U group (P = 0.010) than in the
pure D group. These data suggested that mixed-type
group showed similar clinicopathologic features and
aggressive behavior compared with the pure U group
in mucosal EGC.
Table 4 shows the relationship between the clini
copathological factors and histological types, which
included the mixed type, pure undifferentiated type,
and pure differentiated type in submucosal EGC.
Distribution of age (P = 0.008), gender (P < 0.001),
tumor location (P = 0.019), gross type (P = 0.028),
and LNM (P = 0.008) significantly differed among the
three histological subgroups, while tumor size (P =
0.166), ulceration (P = 0.369), H. pylori infection (P
= 0.997), and lymphovascular invasion (P = 0.325)

Table 1 Clinicopathological characteristics of patients with
early gastric cancer n (%)
Variable

Value

Age (yr), median ± SD (range)
Gender
Male
Female
Tumor size (cm), median ± SD (range)
Location
U
M/L
Gross type
Elevated
Flat/depressed
Depth of invasion
M
SM
Histological type
Pure D
D>U
U>D
Pure U
Lymph node metastasis
Present
Absent

59.5 ± 12.1 (18-86)
206 (69.1)
92 (30.9)
2.2 ± 1.2 (0.5-6.0)
71 (23.8)
227 (76.2)
106 (35.6)
192 (64.4)
165 (55.4)
133 (44.6)
188 (63.1)
24 (7.0)
17 (5.7)
69 (23.2)
43 (14.4)
255 (85.6)

SD: standard deviation; U: upper; M/L: middle/lower; M: mucosa; SM:
submucosa; Pure D: pure differentiated; D: differentiated components; U:
undifferentiated components; Pure U: pure undifferentiated.

pathological factors and histological types, which
included the mixed-type, pure undifferentiated type,
and pure differentiated type, in mucosal EGC. The
distribution of age (P = 0.028), gender (P = 0.004),
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Table 2 Risk factors for lymph node metastasis in early gastric carcinoma
Variable

Univariate analysis
OR

Age (yr)
≤ 60
> 60
Gender
Male
Female
Size (cm)
Location
U
M/L
LV invasion
Absent
Present
Gross type
Elevated
Flat/depressed
Ulcer
Absent
Present
H. pylori infection
Absent
Present
Depth of invasion
Mucosa
Submucosa
Histological type
Pure D
Pure U
Mixed-type
Depth of invasion/histological type

Multivariate analysis

P value

95%CI

OR

95%CI

P value

0.005
1.00
0.37

0.18-0.74
0.044

1.00
1.97
1.33

1.02-3.82
1.04-1.71

1.00
4.85

1.45-16.19

0.022
0.010

0.154

< 0.001
1.00
18.4

8.31-40.72
0.034

1.00
2.32

1.07-5.04
0.031

1.00
2.15

0.256

1.07-4.31
0.346

1.00
1.46

0.67-3.19
0.001

1.00
3.41

1.70-6.83

0.023
4.58

1.23-16.97

0.001
1.00
2.99
4.45

1.39-6.44
1.91-10.36

0.005
0.001

0.054
4.97
5.84

1.21-20.39
1.05-32.61

0.026
0.044
0.822

MT: mixed-type; PU: pure undifferentiated; PD: pure differentiated; U: upper; M/L: middle/lower; LV: lymphovascular; LNM: lymph node metastasis.

Table 3 Clinicopathologic features of mucosa-confined early gastric carcinoma according to histological type n (%)
MT, n = 17

Variable
Age (yr)
≤ 60
> 60
Gender
Male
Female
Tumor size (cm)
Location
U
M/L
Gross type
Elevated
Flat/depressed
Ulcer
Absent
Present
H. pylori infection
Absent
Present
LV invasion
Absent
Present
LNM
Absent
Present

Pure U, n = 49

Pure D, n = 99

P value
0.028

10 (58.8)
7 (41.2)

33 (67.3)
16 (32.7)

44 (44.4)
55 (55.6)

7 (41.2)
10 (58.8)
2.1 ± 1.1

30 (61.2)
19 (38.8)
1.9 ± 1.2

77 (77.8)
22 (22.2)
1.9 ± 1.2

1 (5.9)
16 (94.1)

4 (8.2)
45 (91.8)

29 (29.3)
70 (70.7)

4 (23.5)
13 (76.5)

8 (16.3)
41 (83.7)

51 (51.5)
48 (48.5)

6 (35.3)
11 (64.7)

22 (44.9)
27 (55.1)

64 (64.6)
35 (35.4)

1 (5.9)
16 (94.1)

18 (36.7)
31 (63.3)

22 (22.2)
77 (77.8)

17 (100.0)
0 (0)

47 (95.9)
2 (4.1)

97 (98.0)
2 (2.0)

14 (82.4)
3 (17.6)

42 (85.7)
7 (14.3)

96 (97.0)
3 (3.0)

0.004

0.802
0.003

< 0.001

0.015

0.025

P (Bonferroni corrected)
MT vs PU, 0.525
MT vs PD, 0.272
PU vs PD, 0.009
MT vs PU, 0.151
MT vs PD, 0.002
PU vs PD, 0.034
MT vs PU, 0.759
MT vs PD, 0.042
PU vs PD, 0.004
MT vs PU, 0.507
MT vs PD, 0.033
PU vs PD, < 0.001
MT vs PU, 0.490
MT vs PD, 0.022
PU vs PD, 0.022
MT vs PU, 0.015
MT vs PD, 0.119
PU vs PD, 0.061

0.589

0.016

MT vs PU, 0.739
MT vs PD, 0.012
PU vs PD, 0.010

MT: mixed-type; PU: pure undifferentiated; PD: pure differentiated; U: upper; M/L: middle/lower; LV: Lymphovascular; LNM: lymph node metastasis.
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Table 4 Clinicopathologic features of submucosa-invasive early gastric carcinoma according to histological type n (%)
MT, n = 24

Variable
Age (yr)
≤ 60
> 60
Gender
Male
Female
Size (cm)
Location
U
M/L
Gross type
Elevated
Flat/depressed
Ulcer
Absent
Present
H. pylori infection
Absent
Present
LV invasion
Absent
Present
LNM
Absent
Present

Pure U, n = 20

Pure D, n = 89

P value
0.008

14 (58.3)
10 (41.7)

14 (70.0)
6 (30.0)

32 (36.0)
57 (64.0)

15 (62.5)
9 (37.5)
2.6 ± 1.3

7 (35.0)
13 (65.0)
2.8 ± 1.4

70 (78.7)
19 (21.3)
2.3 ± 1.1

5 (20.8)
19 (79.2)

1 (5.0)
19 (95.0)

31 (34.8)
58 (65.2)

6 (25.0)
18 (75.0)

2 (10.0)
18 (90.0)

35 (39.3)
54 (60.7)

5 (20.8)
19 (79.2)

7 (35.0)
13 (65.0)

32 (36.0)
57 (64.0)

7 (29.2)
17 (70.8)

6 (30.0)
14 (70.0)

26 (29.2)
63 (70.8)

15 (62.5)
9 (37.5)

15 (75.0)
5 (25.0)

69 (77.5)
20 (22.5)

15 (62.5)
9 (37.5)

12 (60.0 )
8 (40.0)

76 (85.4)
13 (14.6)

< 0.001

0.166
0.019

0.028

P (Bonferroni corrected)
MT vs PU, 0.423
MT vs PD, 0.048
PU vs PD, 0.005
MT vs PU, 0.069
MT vs PD, 0.104
PU vs PD, < 0.001
MT vs PU, 0.128
MT vs PD, 0.191
PU vs PD, 0.008
MT vs PU, 0.199
MT vs PD, 0.195
PU vs PD, 0.012

0.369

0.997

0.325

0.008

MT vs PU, 0.375
MT vs PD, 0.012
PU vs PD, 0.009

MT: mixed-type; PU: pure undifferentiated; PD: pure differentiated; U: upper; M/L: middle/lower; LV: Lymphovascular; LNM: lymph node metastasis.

were similarly distributed among the three histological
subgroups. Besides tumor size, ulceration, H. pylori
infection, and lymphovascular invasion, age (P =
0.423), gender (P = 0.069), tumor location (P = 0.128),
and gross type (P = 0.199) were similarly distributed
between the mixed-type group and pure U group. The
rate of LNM was higher in the mixed-type group (P =
0.012) and pure U group (P = 0.009) than in the pure
D group, but was not significantly different between the
mixed-type and pure U group (P = 0.375). These data
suggested that the mixed-type group showed similar
clinicopathologic features and aggressive behavior
compared with the pure U group in submucosal EGC.

histological mixed-type is not categorized in the
present criteria for ESD. In this study, we found that
submucosal invasion, pure U type, and mixed-type
were independent risk factors for LNM in EGC. However,
the distribution of tumor size, location, gross type,
ulceration, lymphovascular invasion, and LNM rate were
similar between the mixed-type group and pure U group
in mucosa-confined EGC, and histological mixed-type
was not an independent risk factor for LNM in mucosal
EGC.
EGC generally shows greater histological diversity
than other types of cancer. Even tumors confined to
the mucosa show histologic diversity, which tends to
increase with deeper invasion and increased tumor
[18]
diameter . In addition, histological mixed-type has
been reported to have a higher LNM rate and more
[19]
aggressive behavior than other histological types .
New difficulties in determining the appropriate man
agement for histological mixed-type EGC arose as
a result of improvements in ESD, which allows en
bloc resection of large superficial gastric lesions
[20]
and precise histopathological evaluation . In fact,
there are two distinct groups of differentiated and
undifferentiated mixed-type EGC. The first group shows
both differentiated and undifferentiated histological
components in the mucosa. The second group shows
differentiated components confined in the mucosa
and undifferentiated components confined in the
submucosa. We hypothesized that these two groups
had different prognoses and should be evaluated
and managed independently. In our study, we found

Risk factors for LNM in EGC in the mucosa

In a univariate analysis of mucosa-confined EGC, LNM
was associated with pure undifferentiated type (P
= 0.019), mixed-type (P = 0.026), female sex (P =
0.005), and presence of lymphovascular invasion (P =
0.013). However, in a multivariate analysis, only female
sex (OR = 5.83, 95%CI: 1.64-20.70, P = 0.028) and
presence of lymphovascular invasion (OR = 13.18,
95%CI: 1.39-125.30, P = 0.020) were independent
risk factors for LNM of mucosa-confined EGC, while
histological type was not an independent risk factor for
LNM of mucosa-confined EGC (P = 0.106) (Table 5).

DISCUSSION
Endoscopic resection is a curative modality for EGC
[16,17]
and its indications have been expanded
. However,
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Table 5 Risk factors for lymph node metastasis in mucosa-confined early gastric carcinoma
Variable

Univariate analysis
OR

Age (yr)
≤ 60
> 60
Size (cm)
Gender
Male
Female
Location
U
M/L
LV invasion
Absent
Present
Gross type
Elevated
Flat/depressed
Ulcer
Absent
Present
H. pylori infection
Absent
Present
Histological type
Pure D
Pure U
Mixed-type

Multivariate analysis

P value

95%CI

OR

95%CI

P value

0.082
1.00
0.31
1.36
1.00
5.89

0.08-1.16
0.90-2.06

0.145
0.005

0.028
1.00
5.83

1.72-20.17

1.64-20.70

0.630
1.00
1.47

0.31-6.95
0.013

1.00
13.64

0.020
1.00
13.18

1.75-106.28

1.39-125.30

0.253
1.00
2.17

0.58-8.22
0.199

1.00
2.14

0.67-6.85
0.244

1.00
0.50

0.15-1.61
0.035

1.00
5.33
6.86

1.32-21.63
1.26-37.77

0.019
0.026

0.106
4.46
5.31

0.99-20.00
0.86-33.01

0.051
0.073

PD: pure differentiated; PU: pure undifferentiated; U: upper; M/L: middle/lower; LV: Lymphovascular.

[22]

that submucosal invasion, pure U type, and mixedtype were independent risk factors for LNM in EGC.
We next analyzed the clinicopathologic features
of mucosal and submucosal EGC according to the
histological type. The mixed-type group and pure U
group showed similar clinicopathologic features and
aggressive behavior in mucosal EGC, including the
distribution of age, gender, tumor size, location, gross
type, ulceration, lymphovascular invasion, and LNM
rate. Furthermore, we validated that histological type
was not an independent risk factor for LNM in mucosal
EGC. Given the mucosal undifferentiated EGC has
been included in the expanded criteria for ESD, we
recommended that mucosal mixed-type EGC could
be treated with ESD. For submucosal EGC, the mixedtype group also showed similar clinicopathologic
features and aggressive behavior compared with the
pure U group. Submucosal undifferentiated EGC has
not been included in the criteria for ESD, due to the
high frequency of LNM. Several studies have shown
that mixed-type EGC with submucosal invasion carries
a high risk of LNM, and endoscopic surgery should be
limited to the differentiated type of invasive submucosal
[20,21]
EGC without histological heterogeneity
. Our data
supported that the LNM rate of submucosal EGC was
significantly higher in the mixed-type group (9/24) and
pure U group (8/20) than in the pure D group (13/89).
th
In accordance with the 7 tumor-node-metastasis
classification, the mixed-type group and pure U
group, including undifferentiated components, were all
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undifferentiated EGC . Hence, the decision criterion
of histological mixed-type in tumor-node-metastasis
[23]
classification is better than Japanese classification .
[23]
A study from Shimizu et al
showed that there
was no significant difference in the clinicopatholog
[23]
ical factors between the D > U and U > D groups .
This means that the mixture of differentiated and
undifferentiated components contributes to a worse
prognosis, no matter the ratio of undifferentiated com
ponents to differentiated components. Actually, the
pathogenesis and aggressiveness of mixed histology
[24]
are unclear. Zheng et al
suggested that the mixedtype components might originate from stem cells with
similar genetic traits, but follow different histogenic
[25]
pathways. Park et al
found that mixed-type gastric
carcinoma frequently showed an enhanced CpG island
hypermethylation status, implicating enhanced CpG
island promoter hypermethylation in the histogenesis of
mixed-type carcinoma. Studies of the mucin phenotype
have reported that some cases of differentiated gastric
cancer with a gastric phenotype are transformed into
undifferentiated gastric cancer during tumor growth
[26]
and development, increasing the risk of LNM .
Although mixed-type carcinomas are thought to be
more aggressive in some studies according to the
[24,27]
Lauren classification
, a recent study reported
that mixed histology, according to WHO classification,
showed no LNM within the criteria for endoscopic
[13]
resection . Our data supported that the rate of LNM
was not significantly different in the mixed-type and
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in the mixed-type and pure U group than in the pure D group, but was not
significantly different between the mixed-type and pure U group. Multivariate
logistic analysis showed that histological type was not an independent risk
factor for LNM in mucosa-confined EGC.

pure undifferentiated EGC confined in the mucosa.
Limited by the small sample sizes, our data showed
considerably wide confidence interval of the OR ratio
of lymphovascular invasion, in the univariate and multi
variate analyses of mucosal EGC. Although similar
[28,29]
data were reported in some studies
, it should be
confirmed by additional clinical research with larger
sample sizes.
In conclusion, our results demonstrated that the
histological mixed-type showed a similar low rate of
LNM compared with the pure undifferentiated type
in mucosa-confined EGC, and histological type was
not an independent risk factor for LNM in mucosaconfined EGC. According to the tumor-node-metastasis
classification, mucosal histological mixed-type and
undifferentiated EGC could be managed in the same
way, and curative ESD is feasible for patients with
histological mixed-type EGC confined in the mucosa.

Research conclusions

The distribution of tumor size, location, gross type, ulceration, lymphovascular
invasion, and LNM rate were similar between the mixed-type group and pure
undifferentiated group in mucosa-confined EGC, and the histological mixed-type
was not an independent predictor of LNM in mucosa-confined EGC. According
to the tumor-node-metastasis classification, the histological mixed-type and
undifferentiated EGC could be managed in the same way, and curative ESD
was feasible for patients with mucosal histological mixed-type EGC.

Research perspectives

Endoscopic resection is a curative modality for EGC and its indications have
been expanded. Our study indicated that the mucosal histological mixed-type
EGC could be managed with curative ESD. With the gradual understanding of
the pathogenesis and biological behavior of mixed-type EGC, more patients
with mixed-type EGC would benefit from the ESD treatment.
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Abstract
AIM
To determine the genetic predisposition to celiac

Informed consent statement: All involved persons (subjects
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disease (CeD) in inflammatory bowel disease (IBD)
patients by quantifying the frequency of CeD-related
human leucocyte antigen (HLA) (HLA-CeD: HLA-DQ2
and -DQ8) in IBD patients globally, by type of IBD
and gender, and by calculating the protective/risk
contribution of these haplotypes in the development of
the IBD disease.

INTRODUCTION

METHODS
We conducted a prospective study with IBD patients
from our Unit. Clinical information was gathered and
blood was tested for HLA-CeD. The control group was
made up of unrelated Valencian organ donors.

Celiac disease (CeD) and inflammatory bowel disease
(IBD) are chronic intestinal disorders with progressively
[1-11]
increasing incidences and prevalences
. Both
diseases are thought to be secondary to the interaction
of certain environmental factors which either directly
cause or enable others to trigger the disease (gluten
-cause of CeD-, infections, dysbiosis, etc.), in geneti
cally predisposed patients, by producing an altered
immunological response.
CeD is a life-long inflammatory condition of the
small intestine represented by a gluten-sensitive
[7]
enteropathy in genetically susceptible individuals .
[8]
CeD has defined diagnostic criteria , which include
blood antibodies, genetic testing, upper endoscopy
findings and, especially, histological small-bowel
changes. The involvement of human leucocyte antigen
(HLA) genes codifying HLA-DQ2 and -DQ8 antigens in
the susceptibility to the disease is clearly established
and HLA typing has been accepted as a useful test to
exclude CeD, because only 0.5% of CeD patients lack
[9]
both DQ2 and DQ8 antigens .
Genetic predisposition to CeD, associated to
heterodimers HLA-DQ2, encoded by DQB1*02/
DQA1*05 alleles [cis-encoded in DQB1*02:01DQA1*05:01 haplotypes (HLA-DQ2.5cis) or transencoded in DQB1*02:02-DQA1*02:01 + DQB1*03:01DQA1*05:05 genotypes (HLA-DQ2.2 + HLA-DQ7.5:
HLA-DQ2.5trans)] and, to a lesser degree, HLA-DQ8,
encoded by DQB1*03:02/DQA1*03 alleles, has been
[12,13]
found to have a high negative predictive value
. The
HLA-DQ2.2 heterodimer has binding properties that are
similar to those of HLA-DQ2.5, but it is not considered
to predispose for CeD unless it is expressed with the
[9,10]
HLA-DQ2.5 or -DQ7.5 heterodimers
.
CeD is more prevalent in women, with a ratio of
2:1 with respect to men, theoretically due to HLA
[14]
inheritance .
IBD patients have historically been considered to
[12]
be at higher risk for CeD , which could be supported
by the fact that IBD and CeD are quite prevalent and
[11,13,15]
due to a theoretically similar pathogenesis
,
with the interaction of genetic, immunological, and
environmental factors (gut flora, gastroenteritis, etc.).
Several studies have tried to relate IBD and CeD
[1,16,17]
with different results
. None of the studies ana
lyzed the genetic predisposition, although Leeds et al
suggested that a reduced frequency of HLA-DQ2 and
-DQ8 in IBD would explain a similar or even reduced
CeD expression in IBD.
Some studies have looked for a relationship between
HLA class Ⅱ molecules and IBD. Most studies have

RESULTS
1034 subjects were analyzed: 457 IBD [207 ulcerative
coliti (UC) and 250 Crohn’s disease (CD)] patients and
577 healthy controls. 39% of the controls and 34%
of the patients had HLA-CeD (P = 0.0852). HLA-DQ2
was less frequent in UC patients (P = 0.0287), and
HLA-DQ8 in CD (P = 0.0217). In women with UC, the
frequency of DQ2.5cis (DQB1*02:01-DQA1*05:01) was
reduced ≥ 50% [P = 0.0344; preventive fraction (PF)
= 13%]. PFs (7%-14%) were obtained with all HLACeD haplotypes. HLA DQB1*02:02-DQA1*02:01 (HLADQ2.2) was more frequent in CD patients with respect
to controls (P = 0.001) and UC patients (etiological
fraction = 15%).
CONCLUSION
HLA-CeD is not more frequent in IBD patients, with an
even lower frequency of HLA-DQ2 and -DQ8 in UC and
CD respectively. HLA-DQ2.5 confers protection from
the development of UC, especially in women, and HLADQ8 does so for the appearance of CD. HLA-DQ2.2 is
present in 34% of the CD patients and may constitute
a genetic risk factor for CD development.
Key words: Genetic predisposition; Celiac disease;
Inflammatory bowel disease; Crohn’s disease; Human
leucocyte antigen; Ulcerative colitis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The higher risk for celiac disease (CeD) in
inflammatory bowel disease (IBD) is controversial. Since
the involvement of human leucocyte antigen (HLA)DQ2 and -DQ8 antigens (HLA-CeD) in the susceptibility
to CeD is clearly established and it has been accepted
as a useful test to exclude CeD, we determined the
frequency of HLA-CeD in IBD patients. We observed
that HLA-CeD is not more frequent in IBD patients,
with an even lower frequency of HLA-DQ2 and -DQ8 in
ulcerative colitis and Crohn’s disease respectively. On
the other hand, HLA-DQ2.2 was present in 34% of the
Crohn’s disease patients and may constitute a genetic
risk factor.
Bosca-Watts MM, Minguez M, Planelles D, Navarro S,
Rodriguez A, Santiago J, Tosca J, Mora F. HLA-DQ: Celiac
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analyzed HLA alleles instead of complete haplotypes.
They observed a tendency to lower frequency of
[17,18]
HLA-DQ2 or -DQ8
, and, mainly, -DR3 and -DR4
(because most studies are from the serologic HLA era),
[17]
in IBD, as well as a higher frequency of HLA-DR7 . A
[19]
study of DiGiacomo et al , which analyzed complete
haplotypes in several immune-related diseases, found
a reduced frequency of HLA-DQ2 and -DQ8 in IBD,
although only 36 IBD patients were included.
The main objective of the study was to determine
whether or not IBD patients are genetically pre
disposed to CeD; we conducted a study to analyze the
frequency of CeD-related HLA (alleles encoding DQ2
and DQ8 dimers: HLA-CeD) in our IBD population
[both in patients with ulcerative colitis (UC) as with
Crohn’s disease (CD)]. An analysis of HLA-CeD frequen
cies according to sex was also performed in our IBD
population.

genotyping was performed by polymerase chain
reaction with sequence-specific primers (PCR-SSP)
[21]
according to the method described by Olerup et al .
Genomic DNA was isolated from nucleated cells by
[22]
Magtration® technology . Each PCR reaction was
performed on about 80 ng of extracted DNA, using
0.15 units of Taq DNA polymerase (AmpliTaq® DNA
Polymerase, Applied Biosystems, The Netherlands), and
Olerup commercial primers (Olerup SSP AB, Stockholm,
Sweden), according to the manufacturer’s instructions.
PCR was carried out in a final volume of 10 μL in a
GeneAmp PCR System 9700 (Applied Biosystems, The
Netherlands). An initial denaturizing step at 94 ℃ for
2 min was followed by 10 two-temperature cycles (94 ℃
for 10 s and 65 ℃ for 60 s) and 20 three-temperature
cycles (94 ℃ for 10 s, 61 ℃ for 50 s and 72 ℃ for 30 s).
Detection of amplified alleles was carried out by agarose
gel electrophoresis.

MATERIALS AND METHODS

Statistical analysis

According to the published data, the prevalence of
HLA-DQ2 and DQ8 in the Spanish general population is
[8]
about 30% . Therefore, considering a 95% confidence
level (type I error of 0.05, and 0.8 statistical power),
we needed a sample size of 323 patients to detect
significant differences between groups.
Statistical analysis was done using the PASW
17.0 software (SPSS Inc, Chicago, IL, United States),
Microsoft Office Excel 2003 and STATGRAPHICS Plus
(version 5.1). We calculated the absolute and relative
frequencies of the different variables. We considered
significant a P value of less than 0.05. Statistical
2
methods used were: χ test, logistic regression to
calculate the odds ratio (OR), and ANOVA tests. The
attributable risk was measured using the phenotypic
frequency, relative risk (RR), etiologic fraction -EF:
risk that genes can confer for the development of a
disease- (for RR > 1) and preventive fraction -PF:
protection that genes confer- (for RR < 1).
The Holm-Bonferroni correction was used to deter
mine if the relationship between an allele or a group of
alleles with a disease (or phenotype expression) was
true, when multiple determinations were made.

Patients and controls

The study included 1034 subjects from the Community
of Valencia, Spain: 457 adult patients with IBD and
577 organ donors HLA-typed at the Transfusion Center
of the Valencian Community (TCVC). IBD patients
cared from the out-patient-clinic and the IBD day-care
unit of the University Clinic Hospital of Valencia, were
prospectively and consecutively retrieved.
Clinical information was updated and gathered
from the patients, the physical and online record and
by means of our clinical database. Ethnicity, age,
sex, diagnosis (CD or UC), disease location (Montreal
[20]
Classification and anastomosis) , extraintestinal
manifestations (arthralgia, ankylosing spondylitis,
sacroiliitis, aphthous stomatitis, dermatologic, ocular
and thrombotic events, and primary sclerosing cholan
gitis), disease complications (megacolon, hemorrhage,
perforation and intraabdominal abscesses) and need of
surgery were all recorded.
The blood was analyzed at the Histocompatibility
Department of the TCVC (EFI Accreditation number:
09-ES-014.986) to determine the presence or
absence of CeD risk HLA-haplotypes: haplotype
HLA-DQA1*05:01-DQB1*02:01 (HLA-DQ2.5cis),
the heterozygotic genotype HLA-DQA1*02:01DQB1*02:02 + DQA1*05:05-DQB1*03:01 (HLA
DQ2.2 + HLA-DQ7.5, HLA-DQ2.5trans), and haplotype
HLA-DQA1*03-DQB1*03:02 (HLA-DQ8). HLA was
considered to predispose for CeD (HLA-CeD) when one
of these haplotypes was present.
Approval from the hospital’s Ethics Committee was
obtained (Ethics Committee record nº 238), as well
as written informed consent from each participating
subject.

RESULTS
The study included 1034 caucasian subjects from the
Community of Valencia, Spain. 457 adult patients with
IBD (202 females and 255 males) were retrieved from
January 2007 to March 2011. All patients had been
diagnosed with IBD according to accepted clinical,
[23,24]
endoscopic, radiological, and histological findings
.
250 patients had CD and 207 UC. The phenotypical
characteristics of the IBD patients are listed in Table 1.
The control group was made up of 577 (220 females
and 357 males) unrelated organ donors HLA-typed at
the Transfusion Center of the Valencian Community

HLA genotyping

HLA-DQA1 and -DQB1 low- and high-resolution
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Table 1 Phenotypical characteristics of inflammatory bowel disease patients n (%)
All IBD patients

Crohn’s disease patients

UC patients

457 (100)
202 (44)

250 (55)
122 (49)
L1: 60 (24.0), L2: 30 (12.0), L3: 128 (51.2), L1 + L4: 11 (4.4),
L2 + L4: 1 (0.4), L3 + L4: 20 (8.0), perianal: 93 (37.2)
B1: 88 (35.2), B2: 102 (40.8), B3: 60 (24.0)
46 (19.7)
100 (41.8)
146 (59.3)

207 (45)
80 (39)
Proctitis: 19 (9.2), left colitis: 60 (29.0),
extensive colitis: 128 (61.8)

Number of patients
Gender (female)
Disease location
Disease behavior
Complications
Extraintestinal manifestations
Surgery1

54 (12)
163 (35.7)
166 (37.5)

8 (4.1)
63 (31.7)
20 (10.2)

1

IBD related surgery: Intestinal or perianal; L1: Distal ileum; L2: Colonic; L3: Ileocolonic; L4: Upper disease; B1: Inflammatory (nonstricturing/
nonpenetrating); B2: Stenotic/stricturing and B3: Penetrating/fistulizing.

Table 2 HLA-CeD, -DQ2.5 and -DQ8 for all inflammatory bowel disease patients, ulcerative colitis patients, and Crohn’s disease
patients, compared with controls
HLA
HLA-CeD
HLA-DQ2.5
HLA-DQ8
HLA-DQ2.2

Controls (n = 577)
227, 39.34%
(95%CI: 35.36%-43.33%)
137, 23.74%
(95%CI: 20.27%-27.22%)
101, 17.50%
(95%CI: 14.40%-20.60%)
131, 22.70%
(95%CI: 19.29%-26.12%)

IBD (n = 457)

Crohn’s disease (n = 250)

156, 34.14% (95%CI: 29.78%-38.48%), 90, 36% (95%CI: 30.05%-41.95%),
P = 0.0852
P = 0.364
99, 21.66% (95%CI: 17.89%-25.44%),
65, 26.0% (95%CI: 20.6%-31.4%),
P = 0.381
P = 0.4879
60, 13.13% (95%CI: 10.03%-16.23%), 28, 11.20% (95%CI: 7.29%-15.11%),
P = 0.054, PF = 5%
P = 0.0217, PF = 7%
134, 29.32% (95%CI: 25.15%-33.50%), 85, 34% (95%CI: 28.13%-39.88%),
P = 0.022, EF = 9%
P = 0.001, EF = 15%

Ulcerative colitis (n = 207)
66, 31.88% (95%CI: 25.54%-38.23%),
P = 0.0571, PF = 11%
34, 16.43% (95%CI: 11.38%-21.47%),
P = 0.0287, PF = 8%
32, 15.46% (95%CI: 10.53%-20.38%),
P = 0.501
49, 23.67% (95%CI: 17.88%-29.46%),
P = 0.856

HLA: Human leucocyte antigen; PF: Preventive fraction.

(TCVC).
HLA-CeD was found in 37.0% (383 subjects) of
the study population. HLA-CeD was more frequent in
the control group: 39.34% vs 34.14% in IBD patients,
but this difference did not reach statistical significance
(Table 2).
HLA-CeD was found in 31.88% of the UC patients
and 36% of the CD subjects (Table 2). We compared
the frequencies of HLA-CeD in controls vs CD and UC
and observed a tendency to a lower frequency of HLACeD in UC patients vs controls (P = 0.0571), with
a preventive fraction (PF) of 11% (HLA-CeD could
confer 11% protection from developing UC) and no
differences between CD patients and controls.
Women with IBD had a lower frequency of HLACeD than the control women (34% vs 43%, P =
0.0565; OR = 0.68 and PF = 14%) According to the
type of IBD we observed that UC female patients had
HLA-CeD less frequently than controls, although it did
not reach significance (P = 0.0613).
These tendencies became significant when
exploring the frequencies of the different HLA-CeD
haplotypes, by gender and type of IBD. HLA-DQ2
was less frequent in UC patients and HLA-DQ8 in CD
patients. The frequency of HLA-DQ2.5 in UC patients
(16.43%) was significantly lower than the one of the
control group (23.74%), with a PF of 8% (Table 2).
This was observed when calculating frequencies of
HLA-DQ2.5cis only, trans alone and global frequencies
(both cis and trans). In considering both sexes
together, the presence of DQ2.5cis was significantly
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lower in UC, with a frequency of DQ2.5cis of 20.28%
in controls compared to 13.53% in patients with UC (P
= 0.0319; PF = 7%). When taking into account only
UC women vs control women (16.25% of HLA-DQ2.5
vs 27.44%), the probability obtained with a logistic
regression model of developing UC in women with
HLA-DQ2.5 was reduced almost 50% (P = 0.0466),
with a PF of 13%. In women with UC, the frequency
of DQ2.5cis was reduced more than 50%, given that it
was multiplied by 0.459 (P = 0.0344).
HLA-DQ8 also showed a tendency to be less fre
quent in IBD patients (13.13%) than controls (17.50%),
mainly due to the significantly reduced frequency of
-DQ8 in CD patients (11.20%) (Table 2). No differences
between genders were seen.
HLA-DQ2.2 was significantly more frequent in CD
patients (34%) than in controls (22.7%) or than in
UC patients (23.67%), (Table 2). Of the patients with
CD, 31% of the males and 37% of the females have
HLA-DQ2.2, while only 26% and 24% of males with
UC and controls, respectively, and 20% and 21% of
females with UC and controls, respectively, have it. No
statistically significant differences between sexes were
seen.

DISCUSSION
[25]

[26]

Some authors consider CD
or UC
patients at high
[27-32]
[26,32,33]
risk of presenting CeD
and others don’t
.
However, none determine the frequency of HLACeD in their patients, although Leeds points out that
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HLA-CeD could be less frequent in IBD patients than
[33]
in the general population . A more recent article
determines HLA-CeD frequency in functional and
organic gastrointestinal diseases. They observe that
HLA-CeD is not more frequent in the IBD group than
in the controls, but the sample size of IBD patients (36
[19]
IBD patients) is very small .
Genome studies have observed that CeD and
[33-36]
IBD share some non-HLA gene
. Analyzing the
[18]
published studies of HLA-alleles related to IBD ,
we could deduce that the HLA-CeD alleles are less
frequent in IBD (DR4, usually linked to DQ8, in UC,
and DR3, normally linked to DQ2, in CD), but there
are no published prevalences of them. This brings us
to the possible conclusion that, in IBD and CeD, there
is an overlap of non-HLA genes but maybe not of HLACeD genes, and it poses the question of if this could
explain why CeD is not more frequent in IBD.
We performed this study to determine if the IBD
population is an “at-risk” group for CeD by determining
the genetic predisposition for this disease in IBD
patients. We aimed to quantify the frequency of celiac
disease-related HLA (HLA-DQ2 and HLA-DQ8) in the
IBD population, compare it to that of the general
population, and observe if it was related to a specific
IBD phenotype or gender.
With the benefit (to draw conclusions, genetic
studies need homogeneous populations) and the
limitation of such a homogeneous study group, the
results must be interpreted taking into account the
100% Caucasian race of both cases and controls.
In our study no statistical differences in HLA-CeD
frequency were detected between the IBD group
[19]
and the control group. DiGiacomo et al
analyze
HLA-DQ2 and -DQ8 in several digestive diseases,
including IBD. Their results are similar to ours, but
they cannot be extrapolated because only 36 IBD
[19]
patients are analyzed . They obtain a prevalence of
HLA-CeD in IBD patients of 38.9%, with no differences
when compared to a previously published HLA-CeD
frequency in the general Italian population (39%).
In addition to DiGiacomo’s article, we have found
no studies that analyze the complete heterodimers
DQα + DQβ related to CeD, i.e., not only alleles, nor
their actual frequency in IBD patients. Most of the
studies do not take into account gender, which is
important in CeD because of the 2:1 preponderance
of females. We observed that women with IBD tend
to show differences with women in the control group,
with a preventive fraction of 14%.
Although both CeD and IBD have chronic intestinal
inflammation, with increased intestinal permeability
and an altered immune response, the different genetic
basis is probably responsible for the different interaction
with the environment. This is better understood
when exploring the individual HLA-DQ2.5 and -DQ8
haplotypes, which might even confer protection from
the future development of IBD, as our results show.
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Taking into account the type of IBD, we can see that
HLA-CeD tends to be less frequent in UC patients (32%)
than in CD (36%) and controls (39%), confering 11%
protection from developing UC. These differences
are even more notable when analyzing only women:
UC 31%, CD 36% and 43% controls. The lower
percentages of HLA-CeD in women with IBD are mainly
justified by the lower prevalence of the heterodimer
HLA-DQ2.5cis, which confers a preventive fraction of
9%.
To delve more deeply into the tendency of HLA-CeD
being a protection factor against IBD, the interaction
of the variables sex, type of IBD and frequency of
HLA-CeD was analyzed for statistical significance. We
observed that the frequency of DQ2.5cis was reduced
more than 50%, in women with UC. The reduction in
the risk of HLA-DQ2.5cis in UC was not only observed
in women (PF: 13%); in considering both sexes
together, the presence of DQ2.5cis was significantly
lower in UC (PF = 7%). Similar results were obta
ined when analyzing both cis and trans HLA-DQ2.5
together: HLA-DQ2.5 was significantly reduced in the
UC group, and even more remarkably in UC women.
This demonstrated that being a woman with HLADQ2.5 bears 13% protection from developing UC.
According to our results, HLA-DQ8 is also less
frequent in IBD patients than those in the control
group. HLA-DQ8 was significantly reduced in CD
patients (PF = 7%).
Summarizing, the frequency of HLA-CeD in IBD
patients is similar to the general population; however,
there is a significant decrease in the number of UC
patients with HLA-DQ2.5 and of Crohn’s disease
patients with HLA-DQ8. The preventive fractions
that oscillate between 5% and 14% suggest that
CeD haplotypes protect from developing IBD. More
specifically, HLA-DQ2.5 guards against the appearance
of UC and HLA-DQ8 against the initiation of CD. The
low preventive fractions are explained by the fact that
CD and UC are multifactor illnesses that include many
phenotypes, in which, save exceptions such as families
with specific altered genes like IL-10, various factors
interact to produce the disease.
Since HLA-DQ2.5 is the most closely related to
CeD, and the most frequent in CeD, our results may
suggest that the risk of celiac disease is lower in
patients with IBD and, therefore, its expression as
well. Extensive studies with duodenal biopsies from
Spanish patients should be carried out to see if, as in
[37]
the Italian study by Casella et al , the prevalence of
CeD in IBD is lower than in the general population.
The role of the HLA-DQ 2.2 dimer (DQA1*02:01 +
DQB1*02:02) is controversial in terms of its contribution
to the predisposition to celiac disease. The majority of
authors are detractors of the role of predisposition to
[38]
CeD of HLA - DQ2.2 . One even suggests that it may
[39]
act as a protective factor , but there is also an author
[40]
who notes that it clearly predisposes to CeD . In the
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[18]

HLA-DQ2 and -DQ8 antigens in the susceptibility to the disease is clearly
established and HLA typing has been accepted as a useful test to exclude
CeD, because only 0.5 % of CeD patients lack both DQ2 and DQ8 antigens.
IBD patients have historically been considered to be at higher risk for CeD,
which could be supported by the fact that IBD and CeD are quite prevalent
and due to a theoretically similar pathogenesis, with the interaction of genetic,
immunological, and environmental factors (gut flora, gastroenteritis, etc.). Two
more recent studies have analyzed CeD-related antibodies and biopsies and
observed that CeD is just as frequent or even less in the IBD population, but
CeD is still included as a more prevalent disease in IBD in some texts. None
of them have analyzed the frequency of HLA-DQ2 and 8 (HLA-CeD) in IBD
patients. Only one study has done so but it only included 36 patients.

meta-analysis by Stokkers et al a positive association
of HLA-DRB1*07 was observed in CD patients, a gene
that is normally closely bound to HLA-DQ2.2. The Italian
[41]
study by Lombardi et al
in 2001 also observed that
the haplotype DRB1*07-DQB1*02:02 was the most
frequent in their population. The frequency of HLA-DR7
[42-44]
in the European CD population is high
, ranging
between 5% and 29%, unlike the Japanese, where it is
[44]
only found in 1% .
Our study observed that the frequency of HLADQ2.2 was greatly increased in patients with CD; more
than a third of the patients carry this haplotype. The
relative risk of CD in patients with HLA-DQ2.2 is 1.75
(EF = 15%). Thus, the contribution of HLA-DQ2.2 as a
risk factor of CD development is 15%.
As in other European studies, such as the Spanish
[45]
study by Fernandez et al , where the HLA-DRB1*07
is found in a high proportion of CD patients with ileal
involvement, in our population with IBD there is a
high frequency of HLA-DQ2.2 among patients with CD
with ileal involvement (35.5% of patients with ileal
Crohn have HLA-DQ2.2). In a large-scale, international
[46]
genetics study, published in 2016, Cleynen et al
observed a strong relationship between HLA-DRB1*07
and Crohn’s disease.
This suggests that HLA-DQ 2.2 may be a su
pplementary tool to diagnose undetermined IBD.
Future studies have to be performed to evaluate if
using HLA-DQ2.2 can help reach a diagnosis or if it can
be of use for IBD family-members’ follow-up.
Is the IBD population an “at-risk” group for celiac
disease? According to our results, genetically no.
They have the same frequency of CeD-related HLA
haplotypes globally and even a lower frequency of them
when specifically looking at UC or CD, and gender.
In conclusion, our results, not only quantify the
frequency of celiac disease related HLA haplotypes in
the IBD population, but also show that they are not
more frequent in the IBD population, and even more,
that HLA-DQ2 is less frequent in UC patients, especially
women, and HLA-DQ8 in CD patients, and that these
haplotypes confer low grade protection from the
development of future IBD. Our results also confirm a
high frequency of HLA-DQ2.2 in our CD patients, and
point out that HLA-DQ2.2 may actually act as a genetic
risk factor for a future diagnosis of CD.

Research motivation

We wanted to know if IBD patients are genetically predisposed to CeD. Since
negative HLA-CeD has a very high predictive negative value, not having it
discards having CeD in most cases. We wanted to determine the frequency
of HLA-CeD in IBD, which has never been calculated, and whether having the
haplotypes is related to having ulcerative colitis (UC) or Crohn’s disease (CD).

Research objectives

To determine whether or not IBD patients are genetically predisposed to CeD,
we conducted a study to determine the frequency of CeD-related HLA (alleles
encoding DQ2 and DQ8 dimers: HLA-CeD) in our IBD population (both in
patients with UC as with CD). An analysis of HLA-CeD frequencies according to
sex was also performed in our IBD population.

Research methods

We conducted a prospective study with IBD patients from our Unit. Clinical
information was gathered and blood was tested for HLA-CeD. The control group
was made up of unrelated Valencian organ donors.

Research results

A total of 1034 patients were analyzed: 457 IBD (207 UC, and 250 CD)
patients and 577 healthy controls. 39% of the controls and 34% of the patients
had HLA-CeD (P = 0.0852). HLA-DQ2 was less frequent in UC patients (P =
0.0287), and HLA-DQ8 in CD (P = 0.0217). In women with UC, the frequency
of DQ2.5cis (DQB1*02:01-DQA1*05:01) was reduced ≥ 50% [P = 0.0344;
preventive fraction (PF) = 13%]. PFs (7%-14%) were obtained with all HLA-CeD
haplotypes. HLA DQB1*02:02-DQA1*02:01 (HLA-DQ2.2) was more frequent
in CD patients with respect to controls (P = 0.001) and UC patients (etiological
fraction = 15%).

Research conclusions

HLA-CeD is not more frequent in IBD patients, with an even lower frequency of
HLA-DQ2 and -DQ8 in UC and CD respectively. HLA-DQ2.5 confers protection
from the development of UC, especially in women, and HLA-DQ8 does so for
the appearance of CD. HLA-DQ2.2 is present in 34% of the CeD patients and
may constitute a genetic risk factor for CeD development. This helps answer
the ongoing question of whether or not IBD patients have a higher risk of CeD.
According to our study, IBD patients have the same genetic predisposition
of CeD than the general population, showing an even lower frequency when
subanalyzing by haplotypes and type of IBD. To our knowledge, it is the first
time a frequency of the HLA-CeD haplotypes is given in a large enough IBD
population. We also found a high frequency of HLA-DQ2.2 in Crohn’s disease,
pointing to it as a risk factor.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Research perspectives

Celiac disease (CeD) and inflammatory bowel disease (IBD) are chronic
intestinal disorders with progressively increasing incidences and prevalences.
Both diseases are thought to be secondary to the interaction of certain
environmental factors which either directly cause or enable others to trigger
the disease (gluten -cause of CeD-, infections, dysbiosis, etc.), in genetically
predisposed patients, by producing an altered immunological response.
CeD has defined diagnostic criteria, which include blood antibodies, genetic
testing, upper endoscopy findings and, especially, histological small-bowel
changes. The involvement of human leucocyte antigen (HLA) genes codifying
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This study supports the change in trend of the relationship between CeD
and IBD, confirming it is not more frequent. We found HLA-DQ2 was less
frequent in UC and HLA-DQ8 in CD, but we did not find any relationship with
the presence or absence of CeD haplotypes and certain IBD phenotypes. We
might need larger studies to find if these alleles can be related to phenotypes.
Future studies will help confirm HLA-DQ 2.2 as a risk factor for Crohn’s. This
could help decision taking in unclear cases (example with indeterminate colitis).
Studies are also needed to see if to correlates with disease severity.
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Abstract
AIM
To retrospectively evaluate the safety and feasibility
of surgical specimen extraction via a prophylactic
ileostomy procedure in patient with rectal cancer.

Informed consent statement: All study participants provided
written informed consent prior to study enrollment.
Conflict-of-interest statement: The authors report no relevant
conflicts of interest.

METHODS
We systematically reviewed 331 consecutive patients
who underwent laparoscopic anterior resection
for rectal cancer and prophylactic ileostomy in our
institution from June 2010 to October 2016, including
155 patients who underwent specimen extraction via a
prophylactic ileostomy procedure (experimental group),
and 176 patients who underwent specimen extraction
via a small lower abdominal incision (control group).
Clinical data were collected from both groups and
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[4-10]

statistically analyzed.

for AL in rectal cancer patients
. AL is a serious
complication in that it extends hospitalization time,
increases expense, delays subsequent therapy, and
[5-7]
increases perioperative mortality .
Studies show that prophylactic ileostomy plays
an important role in reducing the incidence of AL in
patients with one or more of the above-mentioned
[11-14]
factors
. During conventional laparoscopic anterior
resection of rectal cancer, a vertical or horizontal
incision in the lower abdomen about 5 cm long was
utilized to extract the specimen, and then a circular
incision about 4 cm in diameter was made in the
right lower quadrant to complete the ileostomy. With
ongoing developments in minimally invasive surgery,
we tried an innovative method at the National Cancer
Center/Cancer Hospital, Chinese Academy of Medical
Sciences and Peking Union Medical College beginning
in June 2010 that involved surgical specimen extraction
through a prophylactic ileostomy procedure so as to
avoid making a vertical or horizontal incision in the
lower abdomen. Herein, we describe this surgical
innovation and analyze its safety and feasibility.

RESULTS
The two groups were matched in clinical characteristics
and pathological outcomes. However, mean operative
time was significantly shorter in the experimental group
compared to the control group (161.3 ± 21.5 min vs
168.8 ± 20.5 min; p = 0.001). Mean estimated blood
loss was significantly less in the experimental group
(77.4 ± 30.7 mL vs 85.9 ± 35.5 mL; p = 0.020). The
pain reported by patients during the first two days after
surgery was significantly less in the experimental group
than in the control group. No wound infections occurred
in the experimental group, but 4.0% of the controls
developed wound infections (p = 0.016). The estimated
5-year disease-free survival and overall survival rate
were similar between the two groups.
CONCLUSION
Surgical specimen extraction via a prophylactic ileos
tomy procedure represents a secure and feasible
approach to laparoscopic rectal cancer surgery, and
embodies the principle of minimally invasive surgery.
Key words: Minimally invasive surgery; Rectal cancer;
Anastomotic leakage; Prophylactic ileostomy; Safety

MATERIALS AND METHODS

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

The ethics committee at our institution approved this
retrospective study, and it conformed to the ethical
standards of the World Medical Association Declaration
of Helsinki. The data from all consecutive patients with
rectal cancer who underwent laparoscopic anterior
resection and prophylactic ileostomy in our institution
from June 2010 to October 2016 were compiled
and included in this study. All of these patients had
been diagnosed with rectal cancer before undergoing
surgery. Preoperative examinations, including routine
blood tests, serum carcinoembryonic antigen (CEA),
chest radiography, electrocardiograms, abdominal
and pelvic computed tomography scans, and pelvic
magnetic resonance imaging, were used to evaluate
the operative approach. The patients themselves
selected the surgical procedure after the benefits and
risks were explained explicitly. All of the surgeons
in this study performed both types of surgery. The
pathological specimens were examined by two path
ologists who specialized in colorectal cancer.
Tumor staging was performed based on the criteria
th
from the 7 edition of the American Joint Committee
on Cancer (AJCC) manual. Postoperative pain was
evaluated by the patients using the “visual analog
scale” (VAS) of 0 to 10, with 0 representing no pain
and 10 representing the worst pain imaginable. Clinical
characteristics, operative outcomes, pathological
outcomes, postoperative complications, and follow-up
information were recorded in our database.

Patients and clinical protocol

Core tip: Prophylactic ileostomy plays an important role
in reducing the incidence of anastomotic leakage in
rectal cancer patients. In this paper, we introduce an
innovative method named surgical specimen extraction
via a prophylactic ileostomy procedure and to evaluate
its safety and feasibility.
Wang P, Liang JW, Zhou HT, Wang Z, Zhou ZX. Surgical
specimen extraction via a prophylactic ileostomy procedure:
A minimally invasive technique for laparoscopic rectal cancer
surgery. World J Gastroenterol 2018; 24(1): 104-111 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v24/i1/104.
htm DOI: http://dx.doi.org/10.3748/wjg.v24.i1.104

INTRODUCTION
Rectal cancer patients with ultra-low anastomosis
(anastomosis level ≤ 5 cm from the anal verge) have
a high incidence of anastomotic leakage (AL), with
[1-3]
the reported rates ranging from 9.4% to 12.3% .
In addition, several studies have shown that male
2
sex (p < 0.001), body mass index (BMI) ≥ 25 kg/m
(p = 0.05), American Society of Anesthesiologists
(ASA) score ≥ 3 (p = 0.04), tumor size ≥ 5 cm (p =
0.05), preoperative chemoradiotherapy history (p =
0.02), long operative time (P = 0.0002), and number
of stapler firings ≥ 3 (p < 0.001) are all risk factors

WJG|www.wjgnet.com
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In the operating room, anesthesia was induced, and
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A

B

Figure 1 Specimen extraction via a prophylactic ileostomy procedure or an incision. A: Specimen extraction via a prophylactic ileostomy procedure. After
cutting off the distal intestine, the surgical specimen was extracted from the abdominal cavity via the stoma protected by the single-use incision protector. And then the
ileostomy procedure was performed after finishing the anastomosis. B: Specimen extraction via a small lower abdominal incision. After cutting off the distal intestine,
the surgical specimen was extracted from the abdominal cavity via the vertical incision protected by the single-use incision protector. And then the ileostomy procedure
was performed after finishing the anastomosis.

the patient was placed in the modified lithotomy
position for the laparoscopic procedure. A four or
five-port technique was used. The surgeon and the
camera operator stood on the right of the patient, while
the assisting surgeon stood on the left. Abdominal
inflation pressure was maintained at approximately 15
mmHg. Division of blood vessels, dissection of lymph
nodes, and abscission of the distal intestine were then
performed laparoscopically. Total mesorectal excision
(TME) principles were followed.
In the experimental group, the specimen extraction
was performed via an incision with a diameter of
about 4.5 cm in the right lower quadrant, and then the
surgical specimen was extracted. After abscising the
proximal intestine and implanting the stapling head,
the pneumoperitoneum was re-established, and a
colorectal anastomosis was performed using a stapling
technique. Finally, the ileostomy procedure was
performed via the incision (Figure 1A). In the control
group, a vertical or horizontal incision with a length of
about 5 cm was made in the lower abdomen to extract
the specimen, and an anastomosis was done by the
same method as in the experimental group, and then
a circular incision with a diameter of about 4 cm was
performed in the right lower quadrant to complete the
ileostomy procedure (Figure 1B).
The single-use incision protectors were used to
protect incisions from pollution or cancer cell implan
tation for both procedures when taking out the surgi
cal specimen via the incision. Laparoscopic surgery
had been planned for all of the patients, but it was
necessary to convert several of the procedures to open
surgery.

beginning of the follow-up time was set at the first day
after surgery, and the end was set at June 30, 2017.

Definitions

The positive circumferential resection margin (CRM)
was considered as microscopic tumor less than 1 mm
from the mesorectal fascia. Disease free survival (DFS)
was defined as the period from surgery to death or
disease recurrence. Overall survival (OS) was defined
as the period from surgery to death.

Statistical analysis

Patients who required conversion were included in their
intended group, because the data were analyzed on
an intention-to-treat basis. Quantitative data that were
normally distributed are presented as mean ± SD, and
were analyzed by the Student’s t-test. Categorical data
are presented as number and percentage, and were
analyzed by the chi-squared test or Fisher’s exact test.
Survival analysis was performed by the Kaplan-Meier
method, and survival was compared by the log-rank
test. All the tests were two-sided, with a P-value <
0.05 used as the threshold for statistical significance.
The Statistical Package for the Social Sciences (SPSS)
version 21.0 for Windows (IBM Corp, Armonk, NY,
United States) was used for data analyses.

RESULTS
Clinical characteristics

A total of 331 consecutive cases were included in our
study, including 155 (46.8%) cases in the experimental
group and 176 (53.2%) in the control group. There
were no significant differences in terms of gender,
age, BMI, ASA score, or history of neoadjuvant
chemoradiation between two groups (Table 1). No
deaths occurred during the perioperative period.

Follow-up

After hospital discharge, patients were advised to
have follow-up monitoring by their doctors every 3
mo during the first 2 years, every 6 mo for the next
3 years, and then yearly visits after 5 years. The
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Operative outcomes

Operative outcomes are shown in Table 2. Mean opera
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Table 1 Clinical characteristics n (%)
Characteristic

Experimental group (n = 155)

Control group (n = 176)

88 (56.8)
67 (43.2)
55.5 ± 12.2
23.9 ± 2.5

98 (55.7)
78 (44.3)
57.0 ± 11.6
24.4 ± 3.1

40 (25.8)
79 (51.0)
31 (20.0)
5 (3.2)

47 (26.7)
82 (46.6)
41 (23.3)
6 (3.4)

0.857

48 (31.0)
107 (69.0)

52 (29.5)
124 (70.5)

0.811

Gender
Male
Female
Age (yr; mean ± SD)
BMI (kg/m2, mean ± SD)
ASA score
1
2
3
4
Neoadjuvant chemoradiation
Yes
No

P value
0.842

0.250
0.171

BMI: Body mass index; ASA: American Society of Anesthesiologists.

Table 2 Operative outcomes
Variable
Operating time (min; mean ± SD)
Estimated blood loss (mL; mean ± SD)
Diameter of stoma (cm; mean ± SD)
Time to first flatus (d; mean ± SD)
Time to first oral intake (d; mean ± SD)
Postoperative hospitalization (d; mean ± SD)
Postoperative pain score (mean ± SD)
The first day
The second day
The third day
No. of conversions to open surgery (%)

Experimental group (n = 155)

Control group (n = 176)

P value

161.3 ± 21.5
77.4 ± 30.7
4.7 ± 0.5
1.2 ± 0.4
1.9 ± 0.4
6.3 ± 1.3

168.8 ± 20.5
85.9 ± 35.5
4.0 ± 0.6
1.3 ± 0.3
2.0 ± 0.5
6.5 ± 1.2

0.001
0.020
< 0.001
0.586
0.062
0.199

2.6 ± 0.8
1.6 ± 0.6
0.6 ± 0.5
5 (3.2)

3.1 ± 1.1
1.8 ± 0.7
0.6 ± 0.6
6 (3.4)

< 0.001
0.012
0.628
1.000

with positive distal margins or positive CRM in either
group.

tive time was significantly shorter in the experimental
group compared with the control group (161.3 ± 21.5
min vs 168.8 ± 20.5 min, p = 0.001). Mean estimated
blood loss was significantly less in the experimental
group than in the control group (77.4 ± 30.7 mL vs
85.9 ± 35.5 mL, p = 0.020). The mean diameter of the
stoma was significantly larger in the experimental group
(4.7 ± 0.5 cm vs 4.0 ± 0.6 cm, p < 0.001). The pain
on the VAS reported by patients in the experimental
group during the first two days after surgery was
significantly reduced compared to the control group (p
< 0.001 and p = 0.012, respectively). There were no
significant differences in time to first flatus, time to first
oral intake, or postoperative hospitalization. There were
five and six cases of conversion to open surgery in the
experimental group and the control group, respectively
(p = 1.000).

Postoperative complications

Postoperative complications are summarized in Table 4.
Although the average diameter of the stoma was larger
in the experimental group, there were no statistically
significant differences in the incidence of stoma-related
complications, including infections, retractions, bleeding,
or parastomal hernia. The incidence of wound infections
was lower in the experimental group than in the
control group (0% vs 4.0%, p = 0.016). Three patients
underwent reestablishment of stoma because of stoma
necrosis, and five patients underwent debridement
and suturing procedure because of incision infection in
the control group. No statistical differences were found
with respect to intestinal obstruction, urinary retention,
cardiopulmonary complications, or re-operation.

Pathological outcomes

Survival outcomes

Pathological results are summarized in Table 3. There
were no significant differences in the findings, including
tumor size, lengths of the proximal and distal resection
margins, number of lymph nodes harvested, and
number of patients with < 12 lymph nodes harvested,
differentiation degree, pathological patterns, nerve and
vessel invasion, or pTNM stage. There were no cases
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The mean follow-up period was 40 mo (range 7-84 mo)
in the experimental group and 41 mo (range 6-84 mo)
in the control group (p = 0.781). No patients suffered
from local recurrence in the specimen extraction sites
in both groups. The estimated 5-year DFS rate was
60.0% in the experimental group and 64.5% in the
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Table 3 Pathological outcomes n (%)
Variable

Experimental group (n = 155)

Control group (n = 176)

P value

4.0 ± 0.8
16.2 ± 7.1
2.2 ± 0.4
22.8 ± 5.3
10 (6.5)

4.1 ± 0.8
15.4 ± 7.3
2.2 ± 0.4
21.7 ± 5.0
13 (7.4)

0.205
0.309
0.477
0.375
0.830
0.963

45 (29.0)
62 (40.0)
48 (31.0)

50 (28.4)
73 (41.5)
53 (30.1)

108 (69.7)
25 (16.1)
12 (7.7)
10 (6.5)
30 (19.4)
26 (16.8)
0 (0)
0 (0)

125 (71.0)
22 (12.5)
16 (9.1)
13 (7.4)
37 (21.0)
30 (17.0)
0 (0)
0 (0)

38 (24.5)
61 (39.4)
44 (28.4)
12 (7.7)

45 (25.6)
70 (39.8)
52 (29.5)
9 (5.1)

Tumor size (cm; mean ± SD)
Proximal resection margin (cm; mean ± SD)
Distal resection margin (cm; mean ± SD)
No. of lymph nodes harvested (mean ± SD)
No. of patients with lymph nodes harvested < 12
Differentiation degree
Good
Moderate
Poor
Pathological pattern
Canalicular adenocarcinoma
Mucinous adenocarcinoma
Papillary adenocarcinoma
Signet-ring carcinoma
Nerve invasion
Vessel invasion
Positive distal margin
Positive CRM
pTNM stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

0.785

0.706
0.948
N/A
N/A
0.807

SD: Standard deviation; CRM: Circumferential resection margin; pTNM: Pathological tumor-node-metastasis; N/A: Not applicable.

Control group
Experimental group

1.0

0.8
Overall survival

Disease free survival

0.8

0.6

0.4

P = 0.671

0.6

0.4

P = 0.645
0.2

0.2

0.0

Control group
Experimental group

1.0

0

20

40

60

80

100

0.0

0

20

40

60

80

100

Time after surgery (mo)

Time after surgery (mo)

Figure 2 Disease free survival and overall survival of patients in the experimental and control groups.

control group (p = 0.671). The estimated 5-year OS
rate was 64.8% in the experimental group and 68.8%
in the control group (p = 0.645) (Figure 2).

negatively impacting the patients’ quality of life. At
present, the exciting prospect is that there is an
increased probability of successfully performing reanastomosis and anal-sparing procedures for patients
with lower rectal cancer as a result of the advances
in surgical technology and improvements in operative
[18,19]
procedures
.
However, the possibility of AL is greater for cases
with ultra-low anastomoses, which can increase the
perioperative mortality and affect long-term survival.
There are not only procedure-related factors, such as
longer operative time, ≥ 3 stapler firings, and ultralow anastomosis, but also demographic risk factors,
2
such as male sex, BMI ≥ 25 kg/m , ASA score ≥
3, tumor size ≥ 5 cm, or a history of preoperative

DISCUSSION
With increased life expectancy and improved standards
of living, the incidence of rectal cancer is increasing
[15]
in China . The most distinguishing feature of rectal
cancer in the Chinese population is that the major
ity (60%-75%) are lower rectal cancer, which has
higher proportions than those reported in Western
[16,17]
populations
. Surgery is the mainstay of treat
ment for rectal cancer. In the past, abdominoperineal
resection was the standard of care, with sigmoidostomy
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Table 4 Postoperative complications n (%)
Experimental group (n = 155)

Variable
Stoma related
Stoma edema
Stoma infection
Stoma retraction
Stoma necrosis
Stoma fistula
Stoma bleeding
Stoma stenosis
Skin inflammation around the stoma
Parastomal hernia
Mucosal prolapse
Wound infection
Intestinal obstruction
Retention of urine
Cardiopulmonary
Re-operation

15 (9.7)
4 (2.6)
1 (0.6)
0 (0)
0 (0)
1 (0.6)
0 (0)
16 (10.3)
4 (2.6)
3 (1.9)
0 (0)
1 (0.6)
3 (1.9)
0 (0)
1 (0.6)

18 (10.2)
2 (1.1)
0 (0)
3 (1.7)
1 (0.6)
0 (0)
2 (1.1)
16 (9.1)
2 (1.1)
2 (1.1)
7 (4.0)
3 (1.7)
3 (1.7)
1 (0.6)
8 (4.5)

chemoradiotherapy. These all have proven to be risk
[4-10]
factors for AL in rectal cancer patients
.
[20-23]
Several studies
reported the effects of the
use of rectal tubes on the occurrence of AL, but the
[4]
results of a meta-analysis indicated that there was
no statistically significant association (OR = 0.48;
95%CI: 0.20-1.12, p = 0.09). Thus, it appears that
postoperative AL cannot be reliably prevented by
placement of a rectal tube only. Prophylactic ileostomy
procedure has been widely adopted to prevent AL
and its impact on decreasing this adverse outcome
[11-14]
has been widely verified
. The rectal cancer
surgery reported here tends to dissociate the rectum
laparoscopically and extracts specimens via a small
incision. In our study, we combined extracting the
surgical specimen and performing the prophylactic
ileostomy procedure at the outset. Therefore, the small
incision was not employed. In theory, this approach
embodies the benefits of minimally invasive surgery.
In our study, the primary results indicated that
patients in the experimental group had a decreased
incidence of wound infections (0% vs 4.0%, p = 0.016),
and less pain during the first two postoperative days
(2.6 ± 0.8 vs 3.1 ± 1.1, p < 0.001 on day 1; 1.6 ± 0.6
vs 1.8 ± 0.7, p = 0.012 on day 2) compared with the
control group. In addition, compared with the patients
in the control group, patients in the experimental
group had shorter operative time (161.3 ± 21.5 min
vs 168.8 ± 20.5 min, p = 0.001) and less estimated
blood loss (77.4 ± 30.7 mL vs 85.9 ± 35.5 mL, p
= 0.020). Although the stoma had larger average
diameter in the experimental group than in the control
group (4.7 ± 0.5 cm vs 4.0 ± 0.6 cm, p < 0.001),
stoma-related complications (including infections,
retractions, bleeding, and edema) were not increased.
Four cases in the experimental group suffered from
parastomal hernias, but they recuperated after the
procedure to close the ileostomy. No patients suffered
from positive distal margin complications or CRM in
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Control group (n = 176)

P value
0.868
0.326
0.468
0.251
1.000
0.468
0.501
0.705
0.424
0.668
0.016
0.626
1.000
1.000
0.220

either group. Thus, the results of the present study
support the safety and efficacy of this procedure.
In this study, we would like to emphasize that a
single-use incision protector should be used to protect
incision from pollution or cancer cell implantation when
taking out the surgical specimen via the incision, and
the ileostomy incision should not be too small so that
the specimen is squeezed. It is also crucial to stress
that, when suturing the skin and intestinal wall, the
stoma should be constructed to avoid retraction (Figure
1A). In addition, the descending colon should be
dissected and fully freed up to ensure enough length
is available for re-anastomosis at the margin of the
proximal resection.
Although the use of the ileostomy site as the
specimen extraction site has already been described
[24,25]
in patients with inflammatory bowel disease
, the
use in rectal cancer has not been reported. This was
a retrospective study, in which all the laparoscopic
procedures were performed by different surgeons
independently, based on their own considerations,
preferences and clinical judgement. Therefore, bias
may exist. However, we have included a large sample
and a long follow-up time. In addition, the two groups
were well balanced in clinical characteristics and
pathological findings which may have influenced the
results. We hope that further randomized prospective
controlled trials will be conducted to confirm our
results in the near future.
In conclusion, surgical specimen extraction via a
prophylactic ileostomy procedure represents a secure
and feasible approach to laparoscopic rectal cancer
surgery, and embodies the principle of minimally
invasive surgery.

Article
ARTICLEHighlights
HIGHLIGHTS
Research background

A vertical or horizontal incision in the lower abdomen about 5 cm long was
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utilized to extract the specimen, and then a circular incision about 4 cm in
diameter was made in the right lower quadrant to complete the ileostomy
for rectal cancer patients who accept prophylactic ileostomy. With ongoing
developments in minimally invasive surgery, we tried an innovative method
that involved surgical specimen extraction through a prophylactic ileostomy
procedure so as to avoid making a vertical or horizontal incision in the lower
abdomen. This procedure has not been reported in rectal cancer patients.

5

Research motivation

6

The purpose of this study was to compare and analyze the short and longoutcomes of surgical specimen extraction via a prophylactic ileostomy
procedure vs a small lower abdominal incision procedure. The significance of
this study is to inaugurate a more minimally invasive method for rectal cancer
patients who accept prophylactic ileostomy.

7

Research objectives

The study aimed to evaluate the safety and feasibility of surgical specimen
extraction via a prophylactic ileostomy procedure in patients with rectal cancer.
8

Research methods

Rectal cancer patients who accepted laparoscopic anterior resection and
prophylactic ileostomy were systemically reviewed from June 2010 to October
2016 in our institution. Clinical characteristics, operative outcomes, pathological
outcomes, postoperative complications, and follow-up information were
collected and analyzed using SPSS version 21.0.

9

Research results

10

The results showed that mean operative time was significantly shorter in the
experimental group compared to the control group (p = 0.001). Mean estimated
blood loss was significantly less in the experimental group (p = 0.020). The pain
reported by patients in the experimental group was significantly less than that
of the controls during the first two days after surgery (p < 0.001 and p = 0.012,
respectively). Postoperative complications did not increase. The estimated
5-year disease-free survival and overall survival rates were similar between the
two groups (p = 0.671 and p = 0.645, respectively).

11

Research conclusions

Surgical specimen extraction via a prophylactic ileostomy procedure represents
a secure and feasible approach to laparoscopic rectal cancer surgery, and
embodies the principle of minimally invasive surgery.

12

Research perspectives

In this study, we would like to emphasize that a single-use incision protector
should be used to protect incision from pollution or cancer cell implantation
when taking out the surgical specimen via the incision, and the ileostomy
incision should not be too small so that the specimen is squeezed. This was
a retrospective study, and bias may exist. We hope that further randomized
prospective controlled trials will be conducted to confirm our results in the near
future.

13
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Abstract
AIM
To quantify the components in biofilms and analyze
the predisposing factors involved in occlusion of biliary
stents.

Clinical trial registration statement: We have registered our
clinical trial with the Indian Council of Medical Research, New
Delhi, India, and gave them annual reports of the progress of the
project on study of organisms responsible for biofilm formation
in biliary stents and their molecular characterization.

METHODS
In a prospective study conducted from April 2011 to
March 2014 at a tertiary care hospital, all consecutive
patients who required endoscopic biliary stent
exchange/removal were included. Etiology of the
biliary disease was diagnosed by imaging, cytology
and on follow-up. Clinical details of patients with
biliary stent retrieval were noted. All extracted stents
were collected in sterile containers and immediately
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processed for quantification of biofilm proteins and
polysaccharides. Molecular identification of commonly
known and unknown bacteria was performed by
polymerase chain reaction and density gradient gel
electrophoresis methods.

of stents and longer indwelling time of stents were
associated with higher chance of biofilm formation. To
prevent stent occlusion, longer diameter stents with an
indwelling time of 3 to 6 mo should be used.

RESULTS
Eighty one patients (41 males) with age range of 20-86
years were studied. The underlying causes for stent
insertion were bile duct stones (n = 46; 56.8%) benign
stricture (n = 29; 35.8%) and malignancy (n = 6; 7.4%)
with cholangitis in 50 (61.7%) patients. The retrieved
stent sizes were 7 Fr (n = 62; 76.5%) and 10 Fr (n =
19; 23.5%) with 65 days median insertion duration.
Polybacterial consortia were detected in 90.1% of
the stents. The most common bacteria identified by
polymerase chain reaction alone and/or sequencing
were Pseudomonas (n = 38), Citrobacter (n = 23),
Klebsiella (n = 22), Staphylococcus (n = 20), Serratia
(n = 16), Escherichia coli (n = 14), Streptococcus (n
= 13), Enterococcus (n = 13), Aeromonas (n = 12),
Proteus (n = 10) and Enterobacter (n = 9). Protein
concentration according to gender (0.547 ± 0.242 mg/ml
vs 0.458 ± 0.259 mg/ml; P = 0.115) as well as age
> 60 years and < 60 years (0.468 ± 0.295 mg/ml vs
0.386 ± 0.238 mg/ml; P = 0.205) was non-significant.
However, polysaccharide concentration was significant
both according to gender (0.052 ± 0.021 mg/ml vs
0.049 ± 0.016 mg/ml; P < 0.0001) and age (0.051 ±
0.026 mg/ml vs 0.038 ± 0.016 mg/ml; P < 0.011).
Protein concentration in the biofilm was significantly
higher (0.555 ± 0.225 mg/ml vs 0.419 ± 0.276 mg/ml;
P = 0.018) in patients with cholangitis, lower (0.356 ±
0.252 mg/ml vs 0.541 ± 0.238 mg/ml; P = 0.005) in
the 10 Fr group than the 7 Fr group, and significantly
higher (0.609 ± 0.240 mg/ml vs 0.476 ± 0.251 mg/ml;
P = 0.060) in stents of ≥ 6 mo of indwelling time.
However presence/absence of cholangitis, size of stent,
indication of stent insertion and indwelling time did not
affect the quantity of polysaccharide concentration.
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INTRODUCTION
Biliary strictures are responsible for severe com
plications which can be serious or life threatening to the
[1]
patients . Transpapillary endoscopic stent placement
helps in the relief of obstructed biliary system by a nonsurgical approach in patients with benign or malignant
[2,3]
biliary disease . The natural microbial barrier posed
by the sphincter of Oddi is breached when a stent is
placed across it and creates a low resistance pathway
[4]
for colonization by the intestinal microbes . Plastic
biliary stents often get occluded by biofilms formed
due to adhering microorganisms embedded in an
[5]
exopolysaccharide (EPS) matrix . A biofilm is defined
as a collection of microbial communities enclosed
by a matrix of EPS, separated by a network of open
water channels and attached to man-made or natural
surfaces. Bacterial biofilms are formed when unicellular
bacteria come together to form a community that
is attached to a solid surface and get encased in
an exopolymeric substance largely comprising of
[6]
proteins and different extracellular polymers . The
proposed mechanism of biofilm formation initiates
with the process of priming of the stent surface with
various proteins followed by microbial adherence and
subsequently formation of an EPS matrix to embed
the microbial colonies and other “foreign bodies” to
[2,3]
give rise to the final mature biofilm . Biofilms formed
inside biliary stents consist of a mixed spectrum
[2]
of bacterial communities . Most of these bacteria,
generally coming from the enterocolon, are uncultivable
by standard culture methods.
Clinical stent occlusion leads to jaundice and
bacterial cholangitis with polymicrobial infections in up
[7,8]
to 90% of patients . Improper use of antimicrobial
agents against these microbes leads to antimicrobial
resistance and consequently to ineffective treatment
[9]
of stent-associated cholangitis . Moreover occluded
stents need repeat procedures and subsequently lead
to increased medical costs as well as poor quality
of life. Microorganisms isolated from blocked biliary
stents include both aerobic and anaerobic species apart
[2]
[10-12]
from fungi and reveal their intestinal origin
. The
material properties of the biofilm are heavily dependent
on the composition of the EPS which consists of

CONCLUSION
Plastic stents retrieved from patients with biliary tract
disease showed polymicrobial organisms with higher
protein content among patients with cholangitis and
those with smaller diameter stents. Longer indwelling
duration had more biofilm formation.
Key words: Biofilm constituents; Polybacterial profile;
Predisposing factors; Underlying causes; Biliary stents
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This prospective study evaluated the com
ponents in biofilms of retrieved biliary stents and
analyzed predisposing factors involved in the process.
A majority of stents showed growth of polymicrobial
consortia. Polymerase chain reaction and sequencing
helped to detect several microorganisms in most of
the stents. Presence of cholangitis, smaller diameter
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proteins, polysaccharides, nucleic acids and lipids in
varying proportions depending on the milieu in which
[13]
the biofilm grows . Materials derived from bacteria
and the host form a conditioning film which lays the
foundation for the biofilm development and initiates the
[3]
process of bacteria-driven sludge formation .
In spite of multiple studies on isolation of various
organisms in the formation of biofilms, factors involved
in the formation of these biofilms are not well studied.
Proper characterization of biofilm formation in plas
tic stents is yet to be adequately explained before
steps for its prevention can be made successful. In
this study we elucidated (1) the various bacteria in
biofilm formation in biliary plastic stents by molecular
identification inclusive of polymerase chain reaction
(PCR) and sequencing; (2) principal constituents of
biofilms viz. proteins and polysaccharides; and (3)
the possible predisposing factors in relation to biofilm
formation in the stents.

sludge within the stent was then cultured aerobically
in Brain Heart Infusion broth. For identification of
anaerobic bacteria, the crust from stents were cultured
in Brucella broth under anaerobic conditions. The
microbial DNA was extracted from the culture growth
by phenol-chloroform method. Briefly 1.5 ml media
containing the growth was centrifuged at 12000 g
for 10 mins. The supernatant was discarded and the
pellet obtained was resuspended in Tris-EDTA (TE).
Sodium dodecyl sulfate (0.5%) and proteinase K
(200 µg/ml) was added and incubated for 30 min.
Next 100 µl sodium chloride was added followed by
an equal amount of chloroform-iso-amyl alcohol. The
solution was mixed thoroughly and centrifuged. The
supernatant was transferred to fresh tube and equal
amount of phenol: chloroform: iso-amyl alcohol was
added. After mixing again the solution was centrifuged
and the supernatant obtained was transferred to
another tube to which 0.6 volume of iso-propanol was
added. Centrifugation was repeated and the pellet was
washed with 70% ethanol. The pellet obtained was air
dried, dissolved in TE and run in 0.8% agarose gel for
checking for DNA.

MATERIALS AND METHODS
Study population

This was a prospective study conducted over a three
year period at a tertiary care hospital in Northern
India (Postgraduate Institute of Medical Education
and Research, Chandigarh, India) from April 2011 to
March 2014. During this period, all consecutive patients
who required an elective or emergency biliary stent
exchange/removal were included in the study. The study
was reviewed and approved by the Institutional Ethics
Committee which operates according to the Declaration
of Helsinki. Written informed consent was taken from
all the patients prior to study enrollment. Clinical details
of each patient were noted with reference to age, sex,
etiology, presence of cholangitis and duration for which
the stents had been in situ. Cholangitis was diagnosed
[14]
as per the Tokyo guidelines . Etiology of the biliary
disease was diagnosed by imaging, cytology and on
follow-up. All the stents had been placed endoscopically
earlier in our institution.

Identification of commonly known bacteria
involved in biofilm formation: PCR was standardized
using the universal 16S rRNA gene specific primers
for determining the DNA sequence for commonly
known bacteria such as Pseudomonas, Escherichia coli,
Citrobacter, Streptococcus, Aeromonas, Enterococcus,
Staphylococcus, Proteus, Bacillus, Klebsiella, Entero
bacter, Serratia, Vibrio, Yersinia, Bacteroides and
Clostridium using standard strains obtained from Mi
crobial Type Culture Collection, Institute of Microbial
Technology, Chandigarh, India, as positive controls.
Following standardization, PCR was done for identi
fication of the above known bacteria that could be
responsible for biofilm formation in the stents. The
primers used for determination of bacteria are given in
Table 1. The amplicons were visualized on 1.5% agarose
gels stained with ethidium bromide and compared to a
database of known sequences.

Interventional procedure

Stent exchange or removal was carried out by first
confirming the position of the stent under fluoroscopy.
Thereafter, the stents were retrieved endoscopically
after grasping with sterile foreign body forceps or a
snare and withdrawal of the instrument wholly. The
retrieved stents were immediately transferred to a
sterile container and transported to the Microbiology
Division of the department for processing in order to
provide good pre-analytic conditions.

Identification of unknown bacteria involved
in biofilm formation: Molecular identification of
unknown bacteria involved in biofilm formation was
done using the Density Gradient Gel Electrophoresis
(DGGE). The DNA isolated from the biofilms were used
for creating multiple copies of the 16S rRNA genes
of similar but not identical bacteria for identifying
unknown bacteria. The variable regions V3 to V5 were
amplified using the following universal primers: 341-F
(5′-CCT ACG GGA GGC AGC AG-3′) with a 40 bp GC
sequence clamped to its 5′ end (5′-CGC CCG CCG
CGC CCC GCG CCC GTC CCG CCG CCC CCG CCC G-3′)
and 907-R (5′-CCG TCA ATT CMT TTG AGT TT-3′). This
set of primers was designed to be specific for most
[15]
bacteria . The reaction mixture (50 μl) contained 50 ng

Molecular identification of the bacterial species
occluding the biliary stents

For molecular identification of bacterial species, the
central part of the biliary stents were cut and divided
horizontally under sterile conditions. The encrusted
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Table 1 Primer sequences used for polymerase chain reaction
Sr. No

Organism

Primer sequences

1

Pseudomonas

2

Staphylococcus

3

E. coli

4

Enterococcus

5

Citrobacter

6

Proteus

7

Klebsiella

8

Clostridium

9

Bacillus

10

Vibrio

11

Aeromonas

12

Bacteroides

13

Enterobacter

14

Streptococcus

15

Serratia

16

Yersinia

F: 5'-GACGGGTGAGTAATGCCTA- 3'
R: 5'-CACTGGTGTTCCTTCCTATA -3'
F: 5'- AAC TCT GTT ATT AGG GAA GAA CA- 3'
R: 5'- CCA CCT TCC TCC GGT TTG TCA CC-3'
F: 5'-GAAGCTTGCTTCTTTGCT- 3'
R: 5'-GAGCCCGGGGATTTCACAT- 3'
F: 5'- GTTTATGCCGCATGGCATAAGAG -3'
R: 5'-CCGTCAGGGGACGTTCAG -3'
F: 5′-TCAGATTTGAACGCTGGCGGCA -3′
R: 5′-CGTATTACCGCGGCTGCTGCCAC -3′
F: 5'-AGA GTT TGA TCC TGG CTC AG-3'
R: 5'-AAG GAG GTG ATC CAG CC-3'
F: 5'-AGA GTT TGA TCC TGG CTC AG-3'
R: 5'-AAG GAG GTG ATC CAG CC-3'
F: 5'-TGG CTC AGA TTG AAC GCT GGC GGC -3'
R: 5'-TAC CTT GTT ACG ACT TCA CCA CA-3'
F:5'- AGA GTT TGA TCC TGG CTC AG -3'
R: 5'- AAG GAG GTG ATC CAG CCG CA-3'
F: 5'-AGA GTT TGA TCA TGG CTC AG -3'
R:5'-GAA ATT CTA CCC CCC TCT ACA G-3'
F: 5'-GCT GGT CTG AGA GGA TGA TC-3'
R: 5'-CTT TAC GCC CAG TAA TTC CG-3'
F: 5'- ATT CTA GAG TTT GAT CAT GGC TCA-3'
R: 5'-ATG GTA CCG TGT GAC GGG CGG TGT GTA-3'
F: 5'-AGTTTGATCCTGGCTCAG -3'
R: 5'-TAC CTT GTT ACG ACT TCG TCC CA-3'
F: 5'-TAA CCA GAA AGG GAC GGC TA-3'
R: 5'-CAC TCT CCG CTT CTG CAC TC-3'
F : 5'-GCGGTTTGTTAAGTCAGATG -3'
R: 5'-CGAATTAAACCACATGCTCC-3'
F : 5′-AAT ACC GCA TAA CGT CTT CG-3′
R: 5′-CTT CTT CTG CGA GTA ACG TC-3′

microbial DNA, 200 μmol/L of each deoxynucleoside
triphosphate, 0.5 pmol/L of each of the primers,
2.5 mmol/L MgCl2, 3 mg/ml BSA and 3 U DNA Taq
polymerase. The touchdown PCR was performed in
eppendorf thermocycler using a program described by
[16]
Sánchez et al . Following an initial denaturation at
95 ℃ for 3 min, a touchdown program began with 15
cycles consisting of one minute denaturation at 95 ℃,
one minute annealing beginning at 65 ℃ and ending
at 50 ℃ (decreasing 1 ℃ per cycle), and a one minute
extension at 72 ℃. A final extension of 5 min at 72 ℃
was done. PCR products were quantified on 1.5% (w/v)
agarose gel. The desired PCR product was 594 bp
(including the GC clamp).
The sample was loaded in the DGGE gel solution
consisting of 6% (w/v) acrylamide/bisacrylamide
(37.5:1) in 0.5 × TAE buffer containing 40% to 60%
of the denaturant. The gels were prepared, loaded and
run according to the instructions of the manufacturers
of DGGE system (D-Code, BioRad, United States) for
analysis of PCR products.
For sequencing, the selected DGGE bands were
excised from the gels using sterile scalpel and placed in
a sterile eppendorf containing 20 μl of sterile water. The
amplified PCR products were sequenced commercially
(Chromous Biotech, Bengaluru, India) using bands
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which were different from commonly known bands.
Data obtained after sequencing in fasta format were
compared with the National Center of Biotechnology
Information (NCBI) GenBank data base using standard
nucleotide blast search tools (BLAST N 2.2.29+).

Quantification of major molecules in the biofilms

The major molecules like proteins and carbohydrates
which act as a molecular glue for biofilm formation
were measured as follows.
Protein estimation: Protein estimation in the biofilm
mass was done by modified Lowry’s method as de
[17]
scribed by Raunkjær et al . Briefly, one centimeter
of the stent was put into a 1.5 ml centrifuge tube and
500 µl sodium hydroxide (0.5 mol/L) was added to
it. The tube with the stent was heated at 80 ℃ for 30
min in a water bath. Centrifugation at 4238 g at 4 ℃
for 15 min was done and supernatant was transferred
to another micro-centrifuge tube. 50 µl supernatant
was put into a test tube and 1 ml reagent comprising
.
of CuSO4 5H2O and sodium tartrate was added. It
was incubated for 5 min at room temperature and
absorbance was read at 620 nm using a colorimeter
(Electronics India). Bovine serum albumin served as
the standard for the assay.
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Table 2 Organisms identified by polymerase chain reaction and sequencing (accession Nos. KP198519-43; KP205043-80; KP2)
Sr. No.
BF 1
BF 2
BF 3
BF 4
BF 5
BF 6
BF 7
BF 8
BF 9
BF 10
BF 11
BF 12
BF 13
BF 14
BF 15
BF 16
BF 17
BF 18
BF 19
BF 20
BF 21
BF 22
BF 23
BF 24
BF 25
BF 26
BF 27
BF 28
BF 29
BF 30
BF 31
BF 32
BF 33
BF 34
BF 35
BF 36
BF 37
BF 38
BF 39
BF 40
BF 41
BF 42
BF 43
BF 44
BF 45
BF 46
BF47
BF 48
BF 49
BF 50
BF 51
BF 52
BF 53
BF 54
BF 55
BF 56
BF 57
BF 58
BF 59
BF 60
BF 61
BF 62
BF 63
BF 64
BF 65
BF 66
BF 67

Organisms identified by touchdown PCR and sequencing

Organisms identified by PCR alone

Stenotrophomonas maltophilia
Pseudomonas stutzeri
Bacillus tequilensis
Uncultured bacterium clone DolRC 17069
Bacillus cereus
Micrococcus yunnanensis
Staphylococcus epidermidis
Citrobacter sp.
Stenotrophomonas maltophilia
Anaerosalibacter sp.
Enterobacteriales bacterium
Uncultured bacterium clone PS B346
Stenotrophomonas maltophilia
Stenotrophomonas maltophilia
Stenotrophomonas maltophilia
Uncultured organism clone ELU0026
Uncultured organism clone ELU0020
Stenotrophomonas maltophilia
Uncultured bacterium clone ELU0020
Bacillus mojavensis
Paenibacillus sp. A1006
Bacillus cereus
Stenotrophomonas maltophilia
Bacillus sp.
Pseudomonas stutzeri
Enterobacteriales bacterium
Uncultured bacterium clone DolRc DL35rect19C08
Enterococcus faecalis
Micrococcus luteus
Staphylococcus epidermidis
Staphylococcus epidermidis
Enterococcus durans
Enterococcus durans
Stenotrophomonas maltophilia
Uncultured bacterium clone B64
Pseudomonas otitidis
Enterobacteriales bacterium
Pseudomonas alcaligenes
Enterococcus faecalis
Enterococcus faecalis
Enterococcus sp.
Bacillus subtilis
Pseudomonas aeruginosa
Uncultured bacterium
Uncultured bacterium
Pseudomonas sp.
Bacillus cereus
Stenotrophomonas maltophilia
Stenotrophomonas maltophilia
Bacillus cereus
Pseudomonas aeruginosa
Pseudoxanthomonas icgebensis
Enterobacteriales bacterium
Citrobacter freundii
Uncultured bacterium clone PS
Enterobacteriales bacterium
Morganella morganii
Pseudomonas aeruginosa
Pseudomonas sp.
Pseudomonas putida
Morganella morganii
Enterobacteriales bacterium
Enterococcus faecalis
Pseudomonas sp.
Bacillus sp.
Uncultured organism clone
Pseudomonas sp.

Klebsiella
Pseudomonas, Proteus, Aeromonas
Staphylococcus, Bacillus
Streptococcus, Aeromonas, Serratia
Staphylococcus, Bacillus
Streptococcus, Proteus, Serratia
Staphylococcus, Bacillus
Citrobacter, Escherichia coli
Proteus
Pseudomonas, Citrobacter
Staphylococcus, Streptococcus, Klebsiella
Staphylococcus, Aeromonas
——
Streptococcus
Serratia
Citrobacter
——
Citrobacter, Streptococcus
Klebsiella, Aeromonas, Enterococcus
Pseudomonas, Bacillus, Enterobacter
Proteus, Klebsiella, Serratia
Streptococcus, Serratia
——
Proteus, Yersinia, Aeromonas
Pseudomonas, Escherichia coli
Pseudomonas, Proteus, Klebsiella
Proteus, Klebsiella
Citrobacter, Enterococcus
——
Staphylococcus, Serratia
Citrobacter, Escherichia coli, Staphylococcus
Escherichia coli, Klebsiella, Enterococcus
Staphylococcus, Streptococcus, Serratia
Pseudomonas
Citrobacter, Proteus, Klebsiella
Pseudomonas, Aeromonas
Streptococcus, Klebsiella, Enterobacter
Citrobacter, Escherichia coli, Yersinia
Citrobacter, Streptococcus, Klebsiella
Streptococcus, Klebsiella , Aeromonas
Citrobacter, Enterobacter
Pseudomonas, Streptococcus, Aeromonas
Pseudomonas, Escherichia coli, Yersinia
Pseudomonas, Citrobacter, Yersinia
Pseudomonas, Citrobacter, Escherichia coli
Escherichia coli, Enterobacter
Proteus, Klebsiella
Pseudomonas, Citrobacter, Streptococcus
Pseudomonas, Staphylococcus, Proteus
Pseudomonas , Staphylococcus
Pseudomonas, Citrobacter, Escherichia coli
Citrobacter, Serratia
Klebsiella, Enterobacter, Vibrio
Citrobacter, Staphylococcus
Staphylococcus, Serratia
Pseudomonas, Citrobacter, Streptococcus
——
Pseudomonas, Escherichia coli, Staphylococcus
Pseudomonas, Staphylococcus, Serratia
Pseudomonas, Klebsiella , Aeromonas
——
Pseudomonas, Aeromonas
Enterococcus
Pseudomonas, Staphylococcus, Serratia
Citrobacter, Enterobacter
——
Pseudomonas
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Bacillus licheniformis
Enterococcus sp.
Enterococcus faecalis
Pseudomonas stutzeri
Escherichia coli
Klebsiella sp.
Uncultured Klebsiella sp.
Enterobacteriales bacterium
Stenotrophomonas maltophilia
Enterobacteriales bacterium
Citrobacter sp. enrichment clone
Serratia marcescens
Klebsiella sp. BAB-3527
Exiguobacterium aurantiacum

BF 68
BF 69
BF 70
BF 71
BF 72
BF 73
BF 74
BF 75
BF 76
BF 77
BF 78
BF 79
BF 80
BF 81

Pseudomonas, Enterobacter
Klebsiella , Serratia
Citrobacter, Enterobacter, Serratia
Pseudomonas, Staphylococcus, Aeromonas
Escherichia coli
Pseudomonas, Klebsiella
Escherichia coli
Escherichia coli, Enterobacter, Yersinia
——
Klebsiella
Citrobacter
Staphylococcus, Serratia
Klebsiella, Aeromonas
Klebsiella

PCR: Polymerase chain reaction.

Polysaccharide estimation: Polysaccharide esti
mation in the biofilm mass was done using the anthrone
[13]
method as described by Ahimou et al . Briefly,
one centimeter of biliary stent was put into 1.5 ml
centrifuge tube and 500 µl sodium hydroxide (1 N)
was added to it and heated at 80 ℃ for 30 min in a
water-bath. Centrifugation was done at 4238 g and
500 µl supernatant was transferred to another microcentrifuge to which 500 µl distilled water and 4 ml of
0.2% anthrone reagent in concentrated sulfuric acid
was added and mixed well. It was incubated for 10
min in boiling water-bath and allowed to cool at room
temperature. Glucose (1 mg/10 ml) was used as a
standard and absorbance was read at 620 nm using a
colorimeter (Electronics India).

organisms were detected in 73 by PCR alone, whereas
all 81 stents had organisms detected by touchdown
PCR and sequencing which included uncultured bacteria
in 12 stents (Table 2). Polybacterial consortia were
detected in majority of the stents (n = 73, 90.1%)
whereas single species were found in the remaining
8 (9.9%) stents. The most common Gram-negative
bacteria detected by both PCR alone and by sequencing
were Pseudomonas (n = 38), Citrobacter (n = 23),
Klebsiella (n = 22), Serratia (n = 16), Escherichia
coli (n = 14), Aeromonas (n = 12), Proteus (n = 10),
Enterobacter (n = 9). The most prevalent Grampositive bacteria were Staphylococcus sp. (n = 20)
Streptococcus (n = 13) and Enterococcus (n = 13).
Figure 1A and B show amplification of 541 bp of
Pseudomonas sp and 500 bp of Citrobacter sp. as
representative bacteria detected by PCR. Table 3
depicts the number of biliary stents in which Gram
negative and Gram positive bacteria were detected.

Statistical analysis

Statistical analysis for this study was performed using
SPSS version 20.0 (IBM Corp., United States). The
distribution of quantitative and qualitative data was
presented as median (range) or absolute and relative
2
frequencies. χ test and Fisher’s exact test were used to
investigate the relationship between each parameter.
Significance was defined as a P value < 0.05.

Quantification of protein and polysaccharide in
the biofilms: Protein content in the biofilm formation
ranged from 0 to 0.98 mg/ml with a mean of 0.50
± 0.25 mg/ml (Figure 2) while the polysaccharide
content ranged from 0.014 to 0.107 mg/mL with a
mean of 0.051 ± 0.018 mg/ml (Figure 3).

RESULTS
Patient and stent characteristics

Relationship of biofilm constituents with predisposing
factors

A total of 81 patients (41 males) with age-range of
20-86 years were included in the study. The underlying
causes for stent insertion were bile duct stones (n =
46, 56.8%) benign stricture (n = 29, 35.8%), and
malignant stricture (n = 6, 7.4%). All the stents
were double pig-tailed and made of polyethylene
(Wilson-Cook Medical, Ireland) and had been placed
endoscopically at our Institute. The diameter of the
stents retrieved was 7Fr (n = 62, 76.5%) or 10 Fr (n
= 19, 23.5%). The median duration of stent insertion
was 65 days (range 5-1095 d). Cholangitis was present
in 50 (61.7%) patients, at the time of stent insertion.

The relation of biofilm constituents with various
predisposing factors was analyzed and is summarized
in Table 4.
Gender and age groups: Male gender had higher
protein concentration (P = 0.115) and polysaccharide
concentration (P < 0.0001) than female gender. Patients
> 60 years of age had higher protein concentration (P
= 0.205) and polysaccharide concentration (P < 0.011)
than those < 60 years of age.
Cholangitis: The quantity of biofilm components was
compared in the stents retrieved from patients with
(n = 50) and without cholangitis (n = 31). Protein

Constituents of biofilms

Microbiological analysis: Of the 81 stents retrieved,
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analyzed between two stent size groups of 7 Fr vs
10 Fr. Protein concentration in the 10 Fr group was
significantly lower than in the 7 Fr group (0.356 ±
0.252 mg/ml vs 0.541 ± 0.238 mg/ml, P = 0.005).
However there was no significant difference in the
quantity of polysaccharide concentration (P = 0.674)
in the stents of the two different sizes.

9 10

Duration of indwelling stents: When the stents
with an indwelling time of ≥ 3 mo were compared
with those < 3 mo, it was found that there was no
significant difference in the protein concentration
(P = 0.472) or polysaccharide concentration (P =
0.385) between the two groups. When the stents with
an indwelling time of ≥ 6 mo were compared with
those < 6 mo, it was found that protein concentration
was significantly higher in the stents of ≥ 6 mo of
indwelling time (0.609 ± 0.240 mg/ml vs 0.476 ±
0.251 mg/ml, P = 0.060), but there was no difference
in polysaccharide concentration (P = 0.560).

Figure 1 16S rRNA gene (541 bp) of Pseudomonas (A) and 16S rRNA
gene (500 bp) of Citrobacter (B). A: Lane 1: DNA ladder 100 bp; Lanes 2-5:
Samples; Lane 6: Positive control; Lane 7: Negative control. B: Lanes 1-7:
Samples; Lane 8: Negative control; Lane 9: Positive control; Lane 10: DNA
ladder 100 bp.

Number of microorganisms detected: When the
number of microorganisms isolated i.e. single vs
multiple by PCR alone was analyzed no significant
difference was seen with respect to the protein (P =
0.996) and the polysaccharide parameters (P = 0.968).

Table 3 Microbial species detected from the biliary stents (n
= 81)
Number of stents positive for the
isolates
Gram-positive microorganism
Bacillus sp.
Enterococcus sp.
Micrococcus sp.
Streptococcus sp.
Staphylococcus sp.
Gram-negative microorganism
Citrobacter sp.
Escherichia coli
Enterobacter sp.
Klebsiella sp.
Morganella morganii
Proteus sp.
Pseudomonas sp.
Serratia sp.
Stenotrophomonas maltophila
Vibrio sp.
Yersinia sp.
Aeromonas sp.

GenBank submission

11
9
2
11
17

Most of the annotated DNA sequences obtained by
sequencing from biofilms of each biliary stent have
been deposited with the GenBank at NCBI, United
States (Accession Nos. KP198519-43; KP205043-80;
KP212173-77).

20
12
9
19
2
10
27
15
11
1
5
12

DISCUSSION
Biofilm formation is an important step in the occlusion
of biliary stents and depends on a number of factors,
[2,3]
[18]
inclusive of bacterial colonization . Swidsinski et al
had demonstrated that neither the gall bladder wall
nor the bile duct wall had any biofilm, denoting that
opportunistic attachment of the microbes occurs later
with subsequent biofilm formation on the biliary stents.
In the natural setting, bacteria composed of a single
species are seldom found in biofilms and most of the
biofilms are multispecies consortia with a synergistic
[19]
effect on the biofilm formation . Aerobic Enterococcus,
E. coli and Klebsiella as also anaerobic Clostridia are
the most common microorganisms isolated from biliary
[2,20]
. In our study, polybacterial consortia were
sludge
seen in 90.1% of the biliary stents with most common
microorganisms being Pseudomonas, Citrobacter,
Klebsiella, and Staphylococcus. Similar frequency of
polymicrobial consortia was found in patients with or
[20]
without cholangitis. Schneider et al
also reported
that occluded stents have higher proportion of
Staphylococcus sp. as compared to the non-occluded
[9]
ones. Lübbert et al reported that enterococci plays a

concentration was found to be significantly higher (P
= 0.018) in stents with cholangitis (0.555 mg/ml) as
compared to those without cholangitis (0.419 mg/ml).
Polysaccharide content was however not different in
patients with or without cholangitis.
Indication of stent insertion: Biofilm constituents
were also compared with etiology of biliary disease
(benign stricture vs stone). However there was no
statistical significance observed between CBD stone
or benign stricture as regards to both protein and
polysaccharide quantity.
Size of indwelling stents: Biofilm constituents were
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Table 4 Various factors in relation to protein and polysaccharide concentrations
Parameters
Gender
Male (n = 41)
Female (n = 40)
Age
Below 60 (n = 60)
Above 60 (n = 21)
Etiology of stenting
Cholangitis (n = 50)
No cholangitis (n = 31)
Indication of stent insertion
CBD stone (n = 46)
Benign stricture (n = 29)
Indwelling stent size
7 Fr (n = 62)
10 Fr (n = 19)
Duration of indwelling stents
< 3 mo (n = 39)
≥ 3 mo (n = 42)
< 6 mo (n = 65)
≥ 6 mo (n = 16)
No of microorganisms detected monomicrobial (n = 13)
Polymicrobial (n = 68)

Protein (mg/ml)

P value

Polysaccharide concentration (mg/mL)

P value

0.547 ± 0.242
0.458 ± 0.259

0.115

0.052 ± 0.021
0.049 ± 0.016

< 0.0001

0.386 ± 0.238
0.468 ± 0.295

0.205

0.038 ± 0.016
0.051 ± 0.026

0.011

0.555 ± 0.225
0.419 ± 0.276

0.018

0.0512 ± 0.021
0.050 ± 0.014

0.790

0.518 ± 0.256
0.453 ± 0.256

0.530

0.051 ± 0.022
0.050 ± 0.012

0.785

0.541 ± 0.238
0.356 ± 0.252

0.005

0.049 ± 0.015
0.052 ± 0.020

0.674

0.481 ± 0.242
0.523 ± 0.264
0.476 ± 0.251
0.609 ± 0.240
0.502 ± 0.263
0.501 ± 0.050

0.472

0.0489 ± 0.015
0.0525 ± 0.022
0.0501 ± 0.017
0.0533 ± 0.026
0.051 ± 0.018
0.049 ± 0.015

0.385

0.060
0.996

0.560
0.968

1.2

Protein concentration (mg/mL)
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Figure 2 Protein concentration in biofilms of the biliary stents (n = 81).

significant part in the microbial colonization of biliary
stents. In our study enterococci were found in 16% of
the biliary stents. Though anaerobes are reported by
some authors to have important role in the formation
[20]
of biofilms , we found no anaerobe in the occluded
biliary stents in the present study.
The proposed mechanism of biofilm formation is
initiated with the process of priming of the stent surface
with various proteins followed by microbial adherence
and subsequent formation of an EPS matrix to embed
the microbial colonies and other particles to give rise to
[21]
the final mature biofilm. Yu et al reported attachment
of fibronectin to the inner surface of the stents within
24 h of exposure to bile. Another contributing factor is
the bile immunoglobulin-bacteria complex which further
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promotes the binding of the bacteria to the inner
[22]
surface of the stents . Thus, the basic ingredients of
a biofilm include the adherence proteins, the bacteria
and the EPS. In patients with cholangitis, wherein
these factors are expected to be high, there are higher
chances of biofilm formation and stent occlusion. In the
current study, the protein concentration of the biofilms
was found to be significantly higher in stents placed in
patients with cholangitis than those without cholangitis.
Polysaccharide concentration was also higher among
the cholangitis group, although it was not statistically
significant. This highlights the phenomenon of higher
propensity of stent occlusion due to biofilm formation
in an infected biliary system as compared to the noninfected ones. The higher risk of stent occlusion in
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Figure 3 Polysaccharide concentration in biofilms of the biliary stents (n = 81).

cholangitis can also be explained by the increased
bile viscosity of the infected bile, causing decrease
in the bile flow velocity leading to bile stasis and
increased spontaneous and bacteria-driven bile salt
[2]
precipitation .
The diameter of the biliary stents has always been
a key issue governing the dynamics of bile flow and
stent occlusion. An increase in the inner stent diameter
[23]
of 0.2 mm leads to a 300% increase in the bile flow .
The maximum diameter of plastic stent that can be
[24]
placed endoscopically is 11.5 Fr . This limitation of
the maximum diameter of stents placed endoscopically
is the reason why stents up to 10 Fr size are used.
Smaller diameter stents have a higher tendency to get
occluded due to biofilm formation. Larger diameter
entails greater bile flow velocity and subsequently
less predisposition to bile salt precipitation, protein
accumulation and biofilm formation. Thus, large dia
meter stents have always fared better than smaller
[25]
diameter ones in terms of durability
and one of the
major advantages of metallic stents is in fact its large
[26]
diameter . In the current study, 10 Fr stents were
found to have significantly lower protein concentration
in their biofilm formation as compared to the 7 Fr
ones. This highlights a probable lower propensity for
protein deposition - one of the key events for initiation
of biofilm formation due to high bile flow velocity in the
10 Fr groups.
The process of biofilm formation is a time-dependent
one and risk of standard polyethylene stent occlusion
[2]
increases progressively after 3 mo . We did not
find any difference in the protein and polysaccharide
concentration in relation to stents removed < 3 mo
and ≥ 3 mo. However when the stents placed for < 6
mo were compared with those of ≥ 6 mo, the protein
concentration was found to be higher in stents kept
for ≥ 6 mo. The nature of protein (human/bacterial
origin, immunoglobulins, fibrinogen etc.) could also
not be further analyzed as this was not the aim of
the study. Quantitative assessment of the number of
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bacteria present in the stents could not be made as
molecular identification was carried out after culture of
bacteria from the stent segments in fluid culture media.
The process of biofilm formation in general is very
complex (obstruction of biliary stents is more complex
and involves not only bacteria and their products but
bilirubin complexes, cholesterol complexes and ingrowth
[20]
of tissue). Schneider et al
in a multivariate analysis
have shown that sludge formation had significant
relationship with stent indwelling time.
Understanding pathophysiology of biofilm formation
in plastic biliary stents is important in preventing their
occlusion and complications thereof. From our data
stents indwelling time of ≤ 3 mo or > 3 mo did not
correlate with biofilm formation. However stents placed
for > 6 mo had higher biofilm formation. Hence stents
should not be left indwelling beyond 6 mo. Also larger
diameter stents (10 Fr) should be preferred. A number
of other options have been studied to prevent biofilm
formation. Several studies have shown the effects
of antibiotic coatings on medical devices effective
against biofilm formation; however, such data has not
[27]
been as successfully replicated for biliary stents .
Recently some workers have found that biliary plastic
stents coated with silver nano particles or ions have
antibacterial activity against several organisms and
[28,29]
extends the period of use of biliary stents
.
Our study had a few limitations. Data on comorbi
dities were not available, so we could not study the
predisposition, if any, of biofilm formation in patients
with diabetes. We had only a few patients with mali
gnancy who were excluded from analysis. A larger
number of patients with malignant obstruction could
have given us a comparison between benign and
malignant etiology. Culture results of patients with
cholangitis at the time of stent insertion were not
available to correlate with organisms grown in the
biofilms.
Ours is one of the first studies of its kind to mea
sure the biofilm components, namely protein and
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Research methods

polysaccharide in biliary stents. Presence of cholangitis
at the time of stent insertion and smaller diameter of
stents were found to have higher protein concentration,
whereas male gender and age above 60 years had
higher polysaccharide concentration, predisposing
to higher propensity of biofilm formation. Longer (≥
6 mo) indwelling time of stents was associated with
higher biofilm formation and protein concentration
elucidating the time-dependent process of biofilm
formation. Our data suggest that plastic stents should
be replaced between 3-6 mo.

This was a prospective study conducted at a tertiary care hospital in Northern
India (Postgraduate Institute of Medical Education and Research, Chandigarh,
India) from April 2011 to March 2014. All consecutive patients who required
an elective or emergency biliary stent exchange/removal were enrolled and
clinical details of each patient were noted. The stents were retrieved through
video duodenoscope and transferred into sterile containers for processing. For
molecular identification of bacterial species, the encrusted material enclosed
within the stent was cultured aerobically and anaerobically and the microbial
DNA was extracted. PCR was standardized using the universal 16S rRNA
gene-specific primers for determining the DNA sequence for commonly known
bacteria. Molecular identification of unknown bacteria involved in biofilm
formation was done using the Density Gradient Gel Electrophoresis. The
amplified PCR products were sequenced commercially using bands which were
different from commonly known bands. Data obtained after sequencing were
compared with the National Center of Biotechnology Information GenBank data
base, using standard nucleotide blast search tools. The major molecules in the
biofilms such as protein and polysaccharide were estimated in the biofilm mass
by modified Lowry’s method and anthrone method respectively. The outcome
measures were quantification of biofilm protein, polysaccharides and the
organisms and their relation with gender, age, etiology of biliary diseases, stent
indwelling time, stent size and the presence of cholangitis. Statistical analysis
for this study was performed using SPSS version 20.0 using χ 2 test and Fisher’
s exact test to investigate the relationship between various parameters.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Since its introduction in 1979, biliary plastic stents have been a landmark
achievement in the field of endoscopic retrograde cholangiopancreatography
for the relief of obstructed biliary system by a non-surgical approach. The
limiting factors for these plastic stents are their diameter and the tendency
to get occluded. The maximum diameter of plastic stent that can be placed
is 11.5 Fr requiring a duodenoscope accessory channel diameter of 4.2 mm.
This limitation of the maximum diameter leads to the tendency for them to get
occluded due to the formation of biofilm causing recurrent obstruction and
need for repeat procedures subsequently leading to increased medical costs
and poor quality of life. The cardinal step in the process of stent occlusion is
bacterial colonization. Various studies including scanning electron microscopic
observations have shown that the clogging material found in biliary stents
consists of bacterial biofilm, biliary sludge and duodenal refluxate of dietary
fibers. Biofilm is formed by microbes embedded in an exopolysaccharide matrix
which also engulfs “foreign bodies” of various sizes. Its ultrastructure reveals
voids and channels required for nutrient diffusion and molecular signaling.

Research results

Higher protein concentration in the biofilm was noted in patients with cholangitis
as compared to those without cholangitis. Cholangitis and protein concentration
increased the likelihood of biofilm formation in these patients explaining higher
stent occlusion rates in infected bile. Male gender and age above 60 years
had higher polysaccharide concentration, predisposing to higher propensity of
biofilm formation. Smaller diameter stents depicted higher protein concentration
predisposing to early biofilm formation thereby indicating the use of larger
diameter stents. 10 Fr stents had lower concentration of protein deposition
in the biofilm compared to 7 Fr stents and hence explains the longer patency
rates. PCR and sequencing helped to detect several commonly known and
unknown microorganisms in most of the stents. Time dependent process
of biofilm formation was demonstrated by greater quantity of biofilm mass
deposition on increasing length of stent indwelling time. Longer indwelling time
of stents has a greater likelihood of accumulating higher biofilm formation and
patients should be followed-up between 3-6 mo to avoid complications.

Research motivation

Despite multiple studies elucidating the various organisms and the formation
of biofilms, various factors involved in the formation of these biofilms are
not well studied. The proposed mechanism of biofilm formation initiates with
the process of priming of the stent surface with various proteins followed by
microbial adherence and subsequently formation of an exopolysaccharide
matrix to embed the microbial colonies and other “foreign bodies” to give
rise to the final mature biofilm. However, proper characterization of biofilm
formation in plastic stents has to be adequately elucidated before steps for its
prevention can be made successful. Components of the biofilm such as protein
and polysaccharides developing in biliary stents have never been quantified in
previous studies.

Research conclusions

Presence of cholangitis at the time of stent insertion and smaller diameter of
stents were found to have higher protein concentration, whereas male gender
and age above 60 years had higher polysaccharide concentration, predisposing
to higher propensity of biofilm formation. Longer indwelling time of stents was
associated with higher biofilm formation and protein concentration elucidating
the time-dependent process of biofilm formation. Our study suggests that
plastic stents should be replaced between 3-6 mo. Plastic stents retrieved from
patients with biliary tract disease showed polymicrobial organisms with higher
protein content among patients with cholangitis and those with smaller diameter
stents. Longer indwelling duration had more biofilm formation. Presence of
cholangitis at the time of stent insertion and smaller diameter of stents were
found to have higher protein concentration, whereas male gender and age
above 60 years had higher polysaccharide concentration, predisposing to higher
tendency of biofilm formation. Longer indwelling stent duration was associated
with higher biofilm formation and protein concentration, revealing the timedependent progression of biofilm formation. Longer indwelling time of stents,
smaller diameter stents, male gender and age above 60 years are associated
with more biofilm formation. Data on comorbidities such as diabetes in patients
should be checked for predisposition, if any, of biofilm formation. Culture results
of patients with cholangitis at the time of stent insertion will help to correlate
with organisms grown in the biofilms. Protein concentration in the biofilm was
significantly higher in patients with cholangitis, lower in the 10 Fr group than
the 7 Fr group, and significantly higher in stents of ≥ 6 mo of indwelling time.
Polysaccharide concentration in biofilms of stents of male gender as well as

Research objectives

The main objectives of this study were to elucidate the various bacteria
implicated in biofilm formation in biliary plastic stents, to quantify the principal
constituents (namely proteins and polysaccharide) of biofilm mass and the
possible predisposing factors in relation to biofilm formation in the stents. This
prospective study evaluated the extracellular polymeric substance such as
protein and polysaccharide in the biofilms as well as microbes occluding the
biliary stents in patients who had retrieval of biliary stents (7 Fr and 10 Fr) and
analyzed predisposing factors involved in the process of occlusion of the stents.
Our results showed that the presence of cholangitis at the time of stent insertion
and smaller diameter of stents were found to have higher protein concentration,
whereas male gender and age above 60 years had higher polysaccharide
concentration, predisposing to higher propensity of biofilm formation. Longer
(≥ 6 mo) indwelling time of stents was associated with higher biofilm formation
and protein concentration, elucidating the time-dependent process of biofilm
formation. Our data suggest that plastic stents should be replaced between
3-6 mo. Further studies can be done to explore the origin of the bacteria grown
in biofilms. Strategies to prevent biofilm formation can also be planned and
investigated.
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in patients with age > 60 years was significant. The most common bacteria
identified by PCR alone and/or sequencing were Pseudomonas (n = 38),
Citrobacter (n = 23), Klebsiella (n = 22), Staphylococcus (n = 20), Serratia (n
= 16), Escherichia coli (n = 14), Streptococcus (n = 13), Enterococcus (n =
13), Aeromonas (n = 12), Proteus (n = 10) and Enterobacter (n = 9). Longer
indwelling time of stents and smaller diameter stents are associated with more
biofilm formation. Larger diameter (10 Fr) stents should be preferred for the
relief of obstructed biliary system by a non-surgical approach in patients with
benign or malignant biliary disease. Stents should not be kept in-situ for more
than 3-6 mo.

10

11

12

Research perspectives

Our study suggests that 10 Fr stents should be preferred over the 7 Fr stents
and stents should be replaced between 3-6 mo. Attempts to prevent biofilm
formation should be investigated. Ultrastructural characterization of biofilms in
occluded stents should also be done.

13
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Abstract
AIM
To summarize and compare worldwide colorectal cancer
(CRC) screening recommendations in order to identify
similarities and disparities.
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METHODS
A systematic literature search was performed using
MEDLINE, EMBASE, Scopus, CENTRAL and ISI Web of
knowledge identifying all average-risk CRC screening
guideline publications within the last ten years and/or
position statements published in the last 2 years. In
addition, a hand-search of the webpages of National
Gastroenterology Society websites, the National Guide
line Clearinghouse, the BMJ Clinical Evidence website,
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[1]

Google and Google Scholar was performed.

Key words: Guidelines; Systematic review; fecal occult
blood test; Fecal immunochemical test; Colonoscopy;
Colorectal cancer; Screening; Flexible sigmoidoscopy

women . CRC screening of average-risk individuals
decreases CRC incidence and mortality. Available CRC
screening modalities include fecal occult blood testing
(FOBT) that can either be guaiac-based (gFOBT) or
immunochemical (FIT). Research including randomized
controlled trials has shown that annual FOBT reduces
[2-8]
CRC mortality by approximately 30%
, whilst
both annual and biennial FOBT screenings reduce
[9]
CRC incidence . However, those reductions can be
obtained only if a positive FOBT is followed by more
invasive investigations such as colonoscopy. Flexible
sigmoidoscopy (FS) has shown to decrease CRC
[10]
incidence by 30% and CRC-related mortality by 50% .
Colonoscopy is often referred to as the CRC screening
gold standard because it allows an examination of the
complete colon and it can remove pre-cancerous polyps
immediately. However, whilst randomized controlled
trials (RCTs) demonstrated that FS screening reduces
[10,11]
CRC incidence and mortality
, similar high-quality
evidence is lacking for screening colonoscopy. Other
potential screening methods include double cont
rast barium enema (DCBE), CT colonography, video
capsule colonoscopy and stool DNA (sDNA) testing.
However, their exact respective roles in CRC screening
remain even less well recognized. Several guidelines
[12-15]
on CRC screening have recently been updated
.
This systematic review provides an overview over the
current guidelines and discusses areas of uncertainty
and controversy amongst them.

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

MATERIALS AND METHODS

RESULTS
Fifteen guidelines were identified. Six guidelines were
published in North America, four in Europe, four in Asia
and one from the World Gastroenterology Organiza
tion. The majority of guidelines recommend screening
average-risk individuals between ages 50 and 75 using
colonoscopy (every 10 years), or flexible sigmoidoscopy
(FS, every 5 years) or fecal occult blood test (FOBT,
mainly the Fecal Immunochemical Test, annually or
biennially). Disparities throughout the different guidelines
are found relating to the use of colonoscopy, rank order
between test, screening intervals and optimal age
ranges for screening.
CONCLUSION
Average risk individuals between 50 and 75 years
should undergo CRC screening. Recommendations
for optimal surveillance intervals, preferred tests/test
cascade as well as the optimal timing when to start
and stop screening differ regionally and should be
considered for clinical decision making. Furthermore,
local resource availability and patient preferences are
important to increase CRC screening uptake, as any
screening is better than none.

Search strategy

Core tip: To our knowledge, this is the first systematic
review comparing global colorectal cancer (CRC) screening
guidelines for average risk individuals, aiming to highlight
similarities and discuss areas of controversy. It is well
established that screening reduces CRC incidence and
mortality, however there are regional differences when it
comes to implementing such screening. Moreover, several
guidelines have been published or updated recently.
Our review showed that average-risk individuals should
undergo CRC screening from age 50 to 75, using guaiacbased fecal occult blood test, fecal immunochemical test,
flexible sigmoidoscopy or colonoscopy.

Computerized medical literature searches were initiated
from January 2007 to September 2017 using MEDLINE,
EMBASE, Scopus, CENTRAL and ISI Web of knowledge.
The selection of articles utilized a combination of MeSH
headings and controlled vocabulary adapted to each
databases related to (1) colorectal cancer; and (2) guide
line (or recommendations, or position statement or
consensus). Recursive searches and cross-referencing
were also carried out using a “similar articles” function;
hand searches of articles were identified after an initial
search. We included all fully published adult human
studies in English. In addition, we performed a handsearch of the webpages of National Gastroenterology
Society websites (the complete list of screened societies
is available in Appendix 1), the National Guideline
Clearinghouse, the BMJ Clinical Evidence website,
and Google and Google Scholar to identify relevant
publications. Two authors independently performed
searches, with a third available to resolve disagreements
in citation selection.

Bénard F, Barkun AN, Martel M, von Renteln D. Systematic
review of colorectal cancer screening guidelines for average-risk
adults: Summarizing the current global recommendations. World
J Gastroenterol 2018; 24(1): 124-138 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i1/124.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i1.124

Trial selection and study population

INTRODUCTION

Selection criteria included guidelines, consensus
recommendations or position statements that include
specific recommendations for CRC screening in
average-risk (asymptomatic, with no personal nor

According to the World Health Organization, colorectal
cancer (CRC) is the third most common cancer diag
nosed among men, and the second most common in
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family history) individuals. Exclusion criteria were:
Guidelines (or consensus) publications older than
ten years, position statements older than 2 years,
articles reporting only on national colorectal screening
programs [i.e., Association of Coloproctology of Great
Britain and Ireland (ACPGBI)] without issues actual
guideline or consensus recommendations, and articles
that were only reviewing existing guidelines or current
screening practice, guidelines addressing only scree
ning for moderate and/or high-risk population, older
versions of an existing guideline, society guidelines
that issue identical recommendations to multi-society
or national guidelines or guidelines that were only
published incomplete [i.e., Australian Government
NHMRC guidelines]. In case of an existing national
guideline, more regional guidelines for that given
country were excluded, as were guidelines or position
papers addressing only one screening modality,
guidelines or position papers providing only combined
recommendations for average-risk and moderate/highrisk populations [i.e., such as the Gastroenterological
[16]
Society of Australia’s (GESA) guidelines ], and
publications in languages other than English. The
[17]
[18]
British and the New Zealand guidelines were both
excluded because they only issued recommendations
for moderate to high-risk individuals and no specific
guidelines for average risk individuals.

at age 45 instead of age 50 (weak recommendation,
low or very low-quality evidence). No upper age limit is
recommended. However, if colonoscopy is not an option
because of unavailability or individual preference,
another prevention test, such as FS, repeated every
5-10 years (weak recommendation, moderate-quality
evidence) or CT colonography, repeated every 5 years
(strong recommendation, low or very low-quality evid
ence) is suggested. If the individual declines prevention
tests, a detection test should be offered. The preferred
detection test is annual FIT (strong recommendation,
moderate-quality evidence), but alternatives are annual
Hemoccult Sensa (gFOBT) (strong recommendation,
moderate-quality evidence) or sDNA testing every
3 years (weak recommendation, moderate-quality
evidence).
American College of Physicians (ACP, 2015): The
ACP recommends screening for individuals between 50
[20]
to 75 years , using one of four suggested modalities:
“high-sensitivity FOBT” or FIT (annually), FS every 5
years, colonoscopy every 10 years, or a combination
of “high-sensitivity” FOBT/FIT (every 3 years) and FS
(every 5 years). The ACP does not favor any one of
these tests over another. According to this position
statement, individuals 75 years or older and people
with a life expectancy less than ten years should not
undergo screening.

RESULTS

US Preventive Services Task Force (USPSTF,
2016): The USPSTF, an independent panel of experts,
recommends screening average-risk individuals from
[13]
age 50 to 75 (grade A recommendation) . It is es
timated that the benefit risk ratio decreases after
age 75, especially in individuals with prior screening
history. However, a healthy individual aged 76 to 85
without previous screening will likely benefit from
[13]
screening . For individuals between 76 to 85 years,
screening is defined as a personal decision (grade
C recommendation). No ranking was established
among screening tests, since the USPSTF’s goal is to
maximize overall screening uptake, no matter which
test is employed. It is mentioned that all screening
tests have certain advantages and limitations and no
one screening test has been identified to be superior to
all others. Therefore, individuals undergoing screening
should be allowed to choose their preferred screening
option amongst the following options: annual highsensitivity gFOBT, annual FIT, sDNA test every 1 to 3
years, FS every 5 years, colonoscopy every 10 years,
CT colonography every 5 years, or a combination of FS
every 10 years with annual FIT.

Included recommendations

The systematic database search yielded 1360 records
and nine additional records were identified by hand
searching. Overall, 1369 records were screened.
From these, forty-six full texts were identified and
screened further. Fifteen guidelines corresponding to
the selection criteria were included in this systematic
review (Figure 1).
Current guidelines follow as:

North America

Six guidelines were published in North America. A
summary and their respective ratings of evidence are
shown in table 1.
American College of Gastroenterology (ACG,
2009): The ACG guidelines distinguishes prevention
[19]
tests from detection tests . Prevention tests, such as
FS, colonoscopy and CT colonography, allow physicians
to identify cancer and precursor lesions, whereas
detection tests (fecal tests) have low sensitivity for
adenomatous polyp detection and lower sensitivity
than prevention tests for cancer. The preferred
screening test recommended by ACG is colonoscopy,
repeated every 10 years, starting at age 50 (strong
recommendation, moderate-quality evidence) except
for African Americans in whom screening should start
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Canadian Task Force on Preventive Health Care
(CTFPHC, 2016): The CTFPHC, comprised of an
independent group of experts, recommends screening
individuals aged 60 to 74, using gFOBT or FIT every two
years, or FS every 10 years (strong recommendation,
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Identification
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Records identified through
database searching
(n = 1360)

Additional records identified
through other sources
(n = 9)

Screening

Records after duplicates removed
(n = 1369)

Records screened
(n = 1369)

Records excluded
(n = 1323)

Studies included in
qualitative synthesis
(n = 15)

Included

Eligibility

Full-text articles excluded, with reasons (n = 31)
Full-text articles assessed
for eligibility
(n = 46)

•
•
•
•
•
•
•

8 Not colorectal cancer screening
9 Not guideline (last 10 years) or consensus or position statement (last 2 years)
5 Not most recent guideline/update available
4 No specific recommendations for average risk individuals
3 Not in English
1 Guideline published only as draft
1 Guideline only addressing single screening modality

Figure 1 Prisma diagram.
[12]

moderate-quality evidence) . Individuals aged 50
to 59 can get screened, using the same modalities
(weak recommendation, moderate-quality evidence),
however the benefit-harm ratio might be less favorable
in this age group. According to CTFPHC, individuals
between ages 50 and 59 can decide to defer screening
until 60. Hence personal concerns and preferences
should be discussed. Screening individuals beyond 75
is not recommended (weak recommendation, lowquality evidence), based on the absence of randomized
controlled trials (RCTs) showing a reduction in CRC
mortality and morbidity in this age group. The CTFPHC
recommends against colonoscopy for screening (weak
recommendation; low-quality evidence), based on the
lack of high-quality evidence proving its efficacy when
compared to other screening tests. Indeed, even if
colonoscopy might provide benefits that are equivalent
or greater to those obtained with FS, it requires a
greater amount of resources and carries an increased
risk of complications. However, if an individual prefers
[12]
undergoing a colonoscopy, it can be considered .

likely benefit from screening are those who have not
had a prior screening test. No preferred screening test
is recommended, but different options are suggested,
all are recognized as appropriate, however, some
are based on high-level evidence, and identified as
category 1, while others are recommended based on
low-level evidence (category 2A; Table 1). Screening
recommendations include colonoscopy every 10 years
(category 2A), annual high sensitivity gFOBT (category
1) or FIT (category 2A), sDNA test every 3 years
(category 2A), FS every 5 to 10 years (category 1), FS
every 5 to 10 years combined with gFOBT/FIT at year
3 (category 2A), and CT colonography every 5 years
[15]
(category 2A) . These guidelines also mention that
FIT is more sensitive than gFOBT.
United States Multi-Society Task Force of Co
lorectal Cancer Guidelines (2017): The working
group of experts, representing the American College
of Gastroenterology, the American Gastroenterological
Association and the American Society for Gastrointes
tinal Endoscopy, recommends screening average-risk
individuals starting at age 50 (strong recommendation;
high-quality evidence), except for African Americans,
in which screening should start at age 45 (weak recom
[21]
mendation; very-low-quality evidence) . Screening
should be interrupted at age 75 in individuals with
negative prior screening or when life expectancy does
not exceed 10 years (weak recommendation; low-

National Comprehensive Cancer Network (NCCN Guidelines, 2017): The working group
suggests screening average-risk individuals starting
at age 50. For individuals aged 76 to 85, screening is
recommended as an individual decision, depending
on overall health status and comorbidities in these
individuals. Subjects in this age category who most
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2017

2016

Canada: CTFPHC

United States: US
Multi-Society Task
Force of Colorectal
Cancer

2016

United States:
USPSTF

2017

2015

United States: ACP

United States: NCCN

2009

Publication year

United States: ACG

Screening tests recommended

Recommendation

76-85

50-75

76-85

50-75

≥ 75

60-74

50-59

76-85

is estimated to less than 10 years
50-75
gFOBT/FIT (1 yr) OR FIT-DNA (1-3
Grade A recommendation
yr) OR FS (10 yr) + FIT (1year) OR FS
(5 yr) OR colonoscopy (10 yr) OR CTcolonoscopy (5 yr)
Screening is considered an individual
Grade C recommendation
decision,
gFOBT/FIT (2 yr) OR FS (10 yr) OR defer Weak recommendation; moderate-quality
until age 60
evidence
gFOBT/FIT (2 years) OR FS (10 yr)
Strong recommendation; moderate-quality
evidence
Screening not recommended, but can be
Weak recommendation; low-quality
discussed
evidence
Colonoscopy (10 years) OR gFOBT/FIT (1 Category 2A except for annual gFOBT and
yr) OR Fecal DNA test (3 yr) OR FS (5-10 FS every 5-10 years (which are category 1)
yr) (+/- gFOTB/FIT at year 3) OR CTC (5
yr)
Screening should be an individual
decision, can be discussed
First-tier (preferred tests): Annual FIT OR Strong recommendation; moderate-quality
colonoscopy (10 yr)
evidence
Second-tier: CTC (5 yr) OR FIT-fecal DNA
CTC and FIT-DNA : Strong
testing (3 yr) OR FS (5-10 yr)
recommendation; low-quality evidence
FS: Strong recommendation; high-quality
evidence
Third-tier: Capsule colonoscopy (5 yr)
Weak recommendation; low-quality
evidence
Screening should be considered for
Weak recommendation; low-quality
individuals without prior screening
evidence

Preferred prevention test: Colonoscopy Grade 1B except for FS (2B) and CTC(1C)
(10 yr). If not possible or refused by
individual: FS (5-10 yr) - OR CTC (5 yr)
OR detection test
Preferred detection test: FIT (1 yr). If not
FIT : Grade 1B
possible: Annual gFOBT (Hemoccult
Sensa) OR- Fecal DNA testing (3 yr)
50-75
High sensitivity FOBT/FIT (1 year) OR FS
(5 years) OR FOBT/FIT (3 yr) + FS (5 yr)
OR colonoscopy (10 yr)
Screening not recommended
≥ 75 and individuals whose life expectancy

Age
≥ 50

Note

Screening for African American starting
at age 45 (weak recommendation; verylow-quality evidence)

FIT is identified as more sensitive than
gFOBT

Colonoscopy not recommended for
screening (weak recommendation; lowquality evidence), but could be discussed

Screening starting at age 45 for African
American population

CRC: Colorectal cancer; FS: Flexible sigmoidoscopy; DCBE: Double contrast barium enema; CTC: CT colonography, FOBT: Fecal occult blood test: gFOBT: Guaiac-based fecal occult blood test: FIT: Fecal immunochemical test.

North
America

Continent Country/association

Table 1 Summarized recommendations for colorectal cancer screening in average-risk individuals, published in North America between 2007 and 2017
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Year

Age

2014

2014

2013

Spain: SEOM

European Guidelines

50-74

50-74

≥ 50

Recommendation
Grade A recommendation

Note

Performance of FS unsure in the Scottish
population. Colonoscopy and CT colonography are
not recommended
Preferred test: Colonoscopy (10 yr) If
Colonoscopy: Grade B recommendation; 3b level General use of FIT is not recommended, but FIT
refused by individual: FS (5 yr) + annual
of evidence. FS: Grade B recommendation; 2b
can be used instead of gFOBT if it has a proven
FOBT OR Annual FOBT
level of evidence. Adding FOBT to FS: Grade B
high specificity (> 90%) and sensitivity. Genetic
recommendation; 3b level of evidence. FOBT as a stool tests, CT colonography, MR-colonography
screening test: Good clinical practice
and capsule endoscopy are not recommended.
FIT every 2 yr OR, depending on available Grade B (moderate) quality of evidence, except
Combination of gFOBT and FS, and CT
resources, annual or biennial gFOBT OR FS for FOBT every 2 yr (grade A quality of evidence)
colonography are not recommended
(5 yr) OR colonoscopy (every 10 yr)
Recommended test: gFOBT/FIT (1-2 yr)
Recommendation based on good evidence for
Evidence supports FIT superiority compared to
Other options include colonoscopy
gFOBT, reasonable evidence for FIT and FS, and
gFOBT
(10-20 yr) OR FS (10-20 yr)
limited evidence for colonoscopy

Screening tests recommended

2011 (revised in 2016) Age not mentioned FIT (quantitative) (interval not mentioned)

Germany: GGPO

Scotland: TIS

129

German Guideline Program in Oncology (2014): The German Guideline Program in Oncology (GGPO), a working group of experts, recommends screening
[24]
starting at age 50 . The GGPO does not establish an upper age screening limit, citing a lack of studies concerning benefit to risk ratio in older individuals. The decision

European Colorectal Cancer Screening Guidelines Working Group (2013): The European Colorectal Cancer Screening Guidelines Working Group (working group
[22,23]
of experts) recommends screening individuals between ages 50 and 74
. FOBT is mentioned as the only screening method approved throughout the European
Union (EU). The guideline mainly provides information on how to set up screening programs of great quality, using the most commonly used modalities in Europe,
[22,23]
which are FOBT, FS and colonoscopy
. As for stool-based tests, gFOBT and FIT are recognized as effective, but it is suggested that quantitative FIT is superior in
terms of specificity and sensitivity and is recommended over gFOBT. FOBTs should be repeated on an annual or biennial basis or, at the very least every three years if
[22]
FIT is used . The guidelines highlight the lack of high quality evidence assessing colonoscopy. However, according to the authors, current evidence support 10 year
[22]
surveillance if colonoscopy is used, suggesting that interval extension to 20 years might be appropriate . FS is discussed as potential screening test, but no screening
[22]
interval is clearly defined; the authors suggest using the same interval as for colonoscopy screening . FOBT with FS, CT colonography, stool DNA testing and capsule
[22]
endoscopy are not recommended .

Four different European guidelines were included in this review. A summary of recommendations and adopted methodology for rating of evidence are shown in table 2.

Europe

quality evidence). However, individuals without prior screening could still benefit from screening and therefore could undergo screening until age 85, depending on their
age and comorbidities (weak recommendation; low-quality evidence). The panel ranked screening tests in 3 tiers based on performance, costs and practical considerations.
Colonoscopy every 10 years and annual FIT are ranked as first-tier and therefore are recommended as preferred tests (strong recommendation; moderate-quality evidence).
CT colonography every 5 years, FIT-DNA test every 3 years (both strong recommendation; low-quality evidence) and FS every 5 to 10 years (strong recommendation; high[21]
quality evidence) are ranked as second-tier tests. Capsule colonoscopy every 5 years, however, is ranked as a third-tier test (weak recommendation; low-quality evidence) .

CRC: Colorectal cancer; FS: Flexible sigmoidoscopy; FOBT: Fecal occult blood test; gFOBT: Guaiac-based fecal occult blood test; FIT: Fecal immunochemical test.

Europe

Continent Country/Association

Table 2 Summarized recommendations for colorectal cancer screening in average-risk individuals, published in Europe between 2007 and 2017
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should be based on a subject’s health with associated
comorbidities. Here too, the guideline distinguish
es cancer prevention (colonoscopy, sigmoidoscopy,
CT-colonography, capsule endoscopy) from cancer
detection (FOBT, genetic stool tests) tests. Colonoscopy
is recommended as gold standard, and should be
repeated every 10 years (grade B recommendation;
3b level of evidence). Based on indirect evidence,
colonoscopy is recommended as the most specific and
sensitive screening test for the detection of cancer
and adenomas. If an individual refuses colonoscopy,
FS should be offered every 5 years (grade B re
commendation; 2b level of evidence), combined to
an annual FOBT for assessment of the proximal colon
(grade B recommendation; 3b level of evidence).
Because a positive FOBT needs to be followed up with
a complete colonoscopy, any annual FOBT should
be completed before the associated FS in order to
avoid unnecessary FS. FOBT alone is recognized as
an effective screening test, and should be repeated
annually rather than once every two years (1b level
of evidence) in individuals refusing colonoscopy
(this recommendation is identified as good clinical
practice). There exist a variety of FIT modalities offered
in Germany with greatly varying specificities and
sensitivities, making it difficult to favor FIT as a blanket
statement over gFOBT. However, a given FIT test
could replace gFOBT if its given specificity has been
shown to be greater than 90%, while also exhibiting a
high sensitivity (grade 0 recommendation; 3a level of
evidence). Genetic stool tests were not recommended
for CRC screening, because of insufficient data (grade
B recommendation; respectively 3b and 4 levels of
evidence). Radiologic screening modalities such as CTand MR-colonography were not recommended, but
could be used in case of an incomplete colonoscopy in
an individual requesting a complete colon examination
[24]
(grade B recommendation; 3b level of evidence) .

screening is a quantitative FIT (grade A recommen
dation). Although no specific fecal hemoglobin con
centration cut-off is identified, the working group
suggests using a cut-off value that is higher than the
sensitivity of gFOBT. The guidelines state FS has been
proven to be an efficacious screening test, perhaps
more so than FIT, but its effectiveness is unproven if
offered to the Scottish population and it is therefore
not recommended; neither are colonoscopy nor CT
[14]
colonography . The guideline does not specify an age
range nor surveillance intervals following a negative FIT.

Asia

Four different Asian guidelines were included in this
systematic review. Guideline recommendations from
Asia and methodology for rating of evidence are sum
marized in table 3.
Korean Guidelines for Colorectal Cancer Scree
ning and Polyp Detection (2012): The Korean
Multi-Society Task Force recommends screening for
average-risk individuals starting at age 50 (strong
[26]
recommendation; low-quality evidence) . No upper
age limit is identified. Colonoscopy is the preferred
screening test (strong recommendation; low-quality
evidence), and should be repeated every 5 years (weak
recommendation; very low-quality evidence). FOBT is
another recommended option (strong recommendation;
moderate-quality evidence), but FIT should be used
rather than gFOBT because of higher specificity,
convenience and compliance (strong recommendation;
low-quality evidence). Other screening tests such as
CT colonography (strong recommendation; low-quality
evidence) and DCBE (weak recommendation; lowquality evidence) are also identified as possible options.
The efficacy of FS is recognized, and FS is listed as a
potential screening test, but the consensus document
states this modality is not commonly employed in
Korea since it does not investigate the entire colon,
and must be followed by a colonoscopy if positive; the
guideline also states that, in Korea, individuals and
[26]
physicians often prefer colonoscopy .

Spanish Society of Medical Oncology (SEOM,
2014): The Spanish Society of Medical Oncology
recommends screening for average-risk individuals
between ages 50 and 74. Biennial FOBT is recom
mended based on high-quality evidence (grade A) with
FIT considered as the preferred test. As alternative
to FIT, annual or biennial high-sensitivity gFOBT, FS
repeated every 5 years or colonoscopy repeated every
10 years can be used (grade B quality of evidence).
Based on moderate-quality evidence (grade B), the
SEOM recommends against using a combination of FS
and gFOBT. It also recommends against the use of CT
colonography until sufficient data become available
[25]
(grade B quality of evidence) .

Chinese Society of Gastroenterology (2014):
Given its large national population and attendant
resources utilization issues, the Chinese Society of
Gastroenterology consensus does not recommend
colonoscopy or FS as first line screening test for
average-risk individuals. The guidelines suggest that
individuals between ages 50 and 74 undergo FOBT
and that a questionnaire be used to identify high-risk
factors. The immunoassay FOBT should be preferred
over a chemical FOBT, however, the guidelines also
suggest gFOBT followed by FIT can be used. Individuals
are should undergo colonoscopy if they meet any one
of the five following conditions: (1) positive FOBT; (2)
history of CRC in first-degree relatives; (3) personal
history of intestinal adenomas; (4) personal history

Scottish Intercollegiate Guidelines Network
(Healthcare Improvement Scotland, 2016):
According to the Scottish Intercollegiate Guidelines
Network the most appropriate tool for population
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2014
2015

2015

China
Asia Pacific

Saudi Arabia

Year

2012

South Korea

Country/region

Age

≥ 70

45-69

50-74
50-75

≥ 50

Screening tests recommended

Recommendation

Note

Colonoscopy (at least 5 years) is the priority OR FOBT (FIT) Colonoscopy (strong recommendation; low-quality
FS efficacy is recognized, but FS not widely used
OR CTC OR DCBE
evidence) with 5-year interval (weak recommendation; because it doesn't explore entire colon, might need a
very low-quality evidence). FOBT (strong
colonoscopy after, and FS less preferred by individuals
recommendation; moderate-quality evidence). CTC
and physicians
(strong recommendation; low-quality evidence). DCBE
(weak recommendation; low-quality evidence)
FOBT (chemical FOBT or FIT) + Questionnaire every 3 yr
FIT (preferred choice) OR FS OR colonoscopy (intervals
A for FIT; A for FS; B for colonoscopy
FIT is preferred over gFOBT
not mentioned)
Colonoscopy (10 yr) is the recommended modality; if not
Colonoscopy: Strong recommendation; low-quality
FIT is preferred over gFOBT. FOBT used alone is
possible: FS (5 yr)+ FIT/gFOBT (1 yr) OR FS (3 yr)
evidence. FS: Strong recommendation; moderatenot recommended, but could be used depending on
quality evidence.
availability of other modalities.
Screening not recommended
Conditional recommendation; low-quality evidence
Screening for people over 70 could be beneficial in
certain cases (depending on health status)

131

National Guidelines for Colorectal Cancer Screening in Saudi Arabia (2015): The national Saudi guidelines published by a working group of experts recommend
[29]
screening for CRC in average-risk individuals starting at age 45, based on a median national age of CRC diagnosis of 55 for women and 60 for men . Screening
individuals aged 70 or more is not recommended (conditional recommendation; low-quality evidence) because of the risks of complications. However, it is mentioned
that certain individuals could benefit from screening after age 70, if they have no comorbidities and an expected life expectancy of 10 years or more. The preferred
modality in this guideline is colonoscopy, repeated every 10 years (strong recommendation; low-quality evidence). Use of colonoscopy is preferred over FS (conditional
recommendation; low-quality evidence), since it examines the full colon, and has to be less frequently repeated. However, the guidelines also recommend FS, repeated

The updated Asia Pacific Consensus Recommendations on colorectal cancer screening (2015): The Asia Pacific Working Group recommends screening
[28]
average-risk individuals between 50 and 75 (grade B recommendation; II-2 quality of evidence) . Utilization of a stool-based test is recommended (grade A
recommendation; I quality of evidence). Quantitative FIT should be used over gFOBT (grade A recommendation; I quality of evidence), because of its higher
sensitivity, specificity and individual adherence. FS is considered appropriate for screening (grade A recommendation; I quality of evidence), as is colonoscopy (grade
B recommendation; II-2 quality of evidence). Colonoscopy is considered the gold standard among endoscopic modalities. However, considering resource-limitations for
population based screening, the consensus recommendations state that using FIT is the preferred choice for average risk screening and colonoscopy resources should
be used for screening of high risk individuals. With regards to surveillance intervals, the guidelines review the literature supporting 1-2 years for FIT, and 10 years for
colonoscopy based on previous studies or other guidelines, however, the guideline itself does not provide specific recommendations. CT colonography and capsule
endoscopy are not recommended but mentioned as appropriate for individuals in whom colonoscopy is not possible (grade B recommendation; II-1 and II-2 quality of
[28]
evidence, respectively) .

of cancer; and (5) or if meeting two of the six following criteria: history of chronic diarrhea, chronic constipation, bloody mucus, chronic appendicitis or appendectomy,
chronic cholecystitis or cholecystectomy, or a long-term mental depression. If colonoscopy is not available FS is recommended. Screening should be repeated every 3
[27]
years .

CRC: Colorectal cancer; FS: Flexible sigmoidoscopy; DCBE: Double contrast barium enema; CTC: CT colonography; FOBT: Fecal occult blood test; gFOBT: Guaiac-based fecal occult blood test; FIT: Fecal immunochemical test.

Asia

Continent

Table 3 Summarized recommendations for colorectal cancer screening in average risk individuals, published in Asia between 2007 and 2017
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Table 4 Recommended test in terms of available resources according to World Gastroenterology Organization’s colorectal cancer
screening cascade
Level of recommendation
1
2
3
4
5
6

Recommended screening test
Colonoscopy every 10 yr
Colonoscopy, once in a lifetime
FS every 5 yr, followed by a colonoscopy if FS was positive
FS, once in a lifetime, followed by a colonoscopy if FS was positive
FS, once in a lifetime, followed by a colonoscopy only if advanced neoplasia is detected
Fecal blood test annually, followed, if positive, by a colonoscopy or barium enema (depending on colonoscopy’s availability)

FS: Flexible sigmoidoscopy.

every 3 years, as alternative (strong recommendation;
moderate-quality evidence). This test is considered
more feasible than colonoscopy, but less favored in
Saudi Arabia. FS is preferred over gFOBT for screening
average-risk individuals (conditional recommendation;
very low-quality evidence). This guideline does not
recommend stool-based tests if used alone, but these
can be offered depending on the availability of other
modalities. Nonetheless, the possibility of combining
an annual stool-based test with FS, repeated every 5
years, is recommended to maximize screening benefits.
[29]
The superiority of FIT over gFOBT is also mentioned .

have a higher prevalence of CRC and consequently
the ACG recommends screening for African American
[35]
individuals to start at age 45 . Interestingly, Saudi
Arabia, also recommends starting to screen at age 45
because the median age at time of CRC diagnosis is 55
[29]
in Saudi women and 60 in Saudi men , as compared
[36]
[34]
to 70 in Canada and 68 in United States .
Ten of fifteen guidelines identified recommend
an upper age screening threshold varying from age
70 to 75, based on associated harms potentially
exceeding benefits if screening is continued after
[37]
that point . Nonetheless, as screening might still be
beneficial in selected elderly individuals, the decision
[12,13,29]
to stop screening should be individualized
. The
pertinence of setting 75 as the maximal screening age,
instead of a higher threshold fixed at 85 years old, has
[38]
been demonstrated by Zauber et al
in 2008. The
study showed that reducing the upper age limit from
85 to 75 leads to small decreases in life-years gained,
but also results in a great reduction of colonoscopy
use, making age 75 likely to be more beneficial in a
population based screening environment.
As for screening modalities, all guidelines have
considered gFOBT, FIT, FS and colonoscopy as main
stays of CRC screening. However, there exist discre
pancies with regards to which test(s) should be
preferred. FOBTs are widely used, being recommended
either as preferred test or not based on whether the
context is that of population-based screening or an
area with limited endoscopy resources. Even though
RCTs have clearly demonstrated the efficacy of gFOBT
with such evidence lacking for FIT, several guidelines
suggest FIT is superior to gFOBT because of its greater
[39]
specificity and sensitivity . FIT is also associated with
[40]
improved adherence , and does not require dietary
restrictions. Stool-based tests are recommended on
[9]
an annual or biennial basis . As annual FOBT has
[8]
been shown to decrease CRC-related mortality and
increase the number of life-years gained compared to
[38]
biennial FOBT , the majority of guidelines suggest 1-2
year intervals for FOBT screening. Optimal diagnostic
FIT threshold levels of positivity remain an area of
uncertainty that has not been directly discussed with
guideline recommendations.
Major disparities throughout the different guidelines

World Gastroenterology Organization (WGO, 2007)

The WGO issued a CRC screening cascade with recom
mendations based on resource availability. Six different
levels, ranging from 1 (best resource availability) to
6 (minimal resource availability), are detailed. All
recommendations apply to average-risk individuals 50
years or older (Table 4). No upper age limit is identified.
CT colonography and DNA testing are not included
in the cascade, but they are mentioned as alternate
modalities if an individual refuses to undergo other
[30]
recommended tests .

DISCUSSION
The vast majority of guidelines recommend starting
CRC screening for average-risk individuals at age 50.
This is based on the steep increase of CRC beginning
around age 50. In 2009, 90% of worldwide CRC
[31]
were diagnosed in individuals aged 50 or more .
A comparative effectiveness modeling completed by
the USPSTF showed that starting screening at age 45
instead of 50 in average-risk population could result
in a modest increase of life-years gained, but also in
an increase in the lifetime number of colonoscopies,
[13]
worsening the burden of screening for individuals .
The CTFPHC guidelines (Canada) suggest starting
screening at age 50, while allowing to defer screen
[12]
ing until age 60 . Several European programs start
screening around age 60, which is justified by the
[32,33]
higher prevalence of CRC after this age
. In fact, the
majority of CRC cases in United States are diagnosed
[34]
between 65 to 74 years . However, African Americans
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can be found relating to the use of endoscopy. While
colonoscopy is often referred to as the gold standard,
and is suggested as preferred screening test by many
guidelines, others recommend FS based on available
higher quality evidence. This area of controversy is
best illustrated by the CTFPHC recommendations
(Canada) on CRC screening. Authors conclude that the
available evidence supports using guaiac fecal occult
blood testing (gFOBT) and flexible sigmoidoscopy for
CRC screening because these modalities have been
shown to reduce mortality while such evidence does
not exist for colonoscopy, and therefore recommend
against using colonoscopy as a screening test. This
recommendation is graded as a weak one, which
means that a majority of people would not want
[12]
colonoscopy, but many would . It is interesting to
notice that current literature was interpreted differently
by other guidelines, such as USPSTF’s, which strongly
recommended colonoscopy, based on moderate[21]
quality evidence . What is even more interesting is
that both CTFPHC and USPSTF used the Grading of
Recommendations Assessment, Development and
Evaluation (GRADE) system, but ended up drawing
[12,21]
different conclusions
. This might be explained
by USPSTF’s more flexible approach: the working
group used a modified qualitative approach based
on a review of the literature, but did not include a
meta-analysis (which is usually included in GRADE
[21]
system) . In CTFPHC’s case, using a rigid approach
led to recommending FS over colonoscopy, but it is
unlikely that such a recommendation would change
current screening practice, which include colonoscopies
on a regular basis, even if high-quality evidence is not
currently available. Appropriate colonoscopy studies
addressing this lack have been initiated and should
[41-46]
be completed between 2021 and 2036
. In the
meantime, other guidelines recommend colonoscopy
based on case-control and prospective cohort studies
that suggest it results in a reduction in CRC-related
[7,47-49]
mortality ranging from 65% to 88%
. The screening
interval following a negative colonoscopy is usually set
at 10 years, based on the natural history of progression
[50,51]
of adenomas into carcinomas
. In the case of
FS, suggested screening intervals vary from 3 to 10
years; more evidence is required to determine optimal
screening intervals, especially after colonoscopy and
RCTs addressing this important area of uncertainty
[52]
are underway . Guidelines published by the ACP,
NCCN, USPSTF, Saudi Arabia and GGPO all suggest the
[13,15,20,24,29]
possibility of combining FOBT and FS
. Adding
FIT to FS increases sensitivity for detecting proximal
invasive cancer, while also providing a 10% increase
in higher sensitivity for advanced distal neoplasia.
Combining both tests generates better results than
[53]
using either test alone . Screening intervals for such
combination have not been established, but combining
the intervals used for FS (5 years) with an additional
FIT every 1-2 years seems reasonable.
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Individual’s adherence to a screening modality is
an important factor when it comes to efficient CRC
screening, hence the importance to select a test that
makes it easy for a patient to adhere. Less invasive
procedures are usually more accepted by individuals
than more invasive procedures, and therefore, higher
participation rates can be noted. Studies have shown
that higher adherence rates were obtained with gFOBT,
[54]
[55]
FIT
and FS when compared to colonoscopy
and
[56]
CT colonography
(see Table 5). There is eviden
ce that FIT is more accepted than gFOBT because
it only requires one stool sample and no dietary re
[40,57]
strictions
. Participation rates for FS were equal
[55]
to participation rates for FIT in a study , while they
[56]
were lower than the latter according to another . An
article published in 2012 documented that the most
frequently cited reason to decline colonoscopy was
unpleasantness of the examination, whilst the most
frequent reasons to decline CT colonoscopy were ‘’
[58]
no time/too much effort’’ and lack of symptoms .
Less invasive and less time-consuming procedures
such as gFOBT and FIT could therefore be more easily
accepted by individuals.
When it comes to cost-effectiveness, gFOBT, FIT,
FS, colonoscopy, sDNA and CT colonography are all
[59]
cost-effective in comparison to no screening . Prices
differ between tests, gFOBT and FIT being the two
most affordable ones, with costs ranging from 5 to 23
[60,61]
USD and 23 to 25 USD, respectively
(see Table
5). However, a lower cost per test is not necessarily
associated with higher cost-effectiveness. Even though
colonoscopy is currently one of the most expensive
screening test available, Patel and Kilgore showed
that colonoscopy every 10 years was cost-effective
when compared to annual FOBT or FS every 5 years. A
combination of FS every 5 years and annual FOBT was
[59]
also better than either test alone .
All recommendations considered, there appears to
be no single “best” CRC screening test for an average
risk individual. The preferred modalities include FOBT,
FS or colonoscopy and the appropriate choice should
be based on local resource availability and individual
willingness to undergo and adhere to the chosen test
and surveillance requirements. The WGO created a
screening cascade with six levels of recommendations,
[30]
graded according to available resources (Table 4) .
The first level constitutes the ‘’best-case scenario’’ (if
all resources are available), while the last one would be
the ‘’worst-case scenario’’ (with very limited resources).
The USPSTF also ranked screening methods in three
tiers, depending on performance, costs and practical
[21]
considerations . Such ranking is useful in clinical
practice compared to a menu of options where no
clear indication is given about which test should
be prioritized. A screening cascade or ranking can
therefore guide the physician while allowing a certain
flexibility when it comes to choosing a screening test.
[12,13]
Guidelines from USPSTF and CTFPHC
, emphasize
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95.4/8.6[64]
96.8-97.4/20.3-25.7[64]
87.0/95.0[67]
91.3/92.9 (for adenomas > 10 mm)[68]
89.81/42.4[69]
87.3/91.2 (for adenomas > 10 mm)[68]

Specificity/sensitivity for advanced
adenoma detection (%)

100.0/91.2[68]
89.81/92.3[69]
99.0/96.8[68]

97.7/23.8[39]
94.0 79.0[66]

Specificity/sensitivity for CRC
detection (%)
5[61]-23[60]
23[60]-25[61]
169[60]-238[61]
645[60]-803[61]
150[61]
570[60]

Price (USD)
47
42
35
28
NR
22

Participation rates after first-time
[56]
invitation (%)
14[65]-32[7]
59[65]
33[65] - 50[10]
61[65]- 65[48]
NR
NR

Decreased mortality for CRC (%)

[63]

0
0
Perforation: 0.01 Major bleeds: 0.02
Perforation: 0.04 Major bleeds: 0.08
0
Perforation: Less than 0.02

Risk of complications (%)
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The main objectives were to compare screening recommendations in order to highlight common ground between guidelines, but also point out discrepancies caused by lack of high-quality evidence, making it easier to orient future research.

Research objectives

CRC screening recommendations for average-risk individuals differ greatly from one guideline to another, especially when it comes to choosing a preferred screening test. We aimed to compare those recommendations in order to highlight areas
of uncertainty, and therefore orient future research by underlining areas where evidence is still lacking.

Research motivation

Screening has shown to decrease colorectal cancer (CRC) incidence and mortality. Different screening guidelines for average-risk individuals have been issued worldwide, and several guidelines were published or updated recently. To our
knowledge, this is the first systematic review aiming to summarize and compare worldwide CRC screening recommendations.

Research background

ARTICLEHighlights
HIGHLIGHTS
Article

that individual screening preferences should be considered to optimize screening uptake - i.e.: any screening test is better than none.
Only guidelines published in English were included, resulting in an over-representation of North American recommendations compared to other continents, and
potentially limiting the generalizability for any true global overview. Interestingly, there are also a number of English speaking countries that are not represented in this
[17]
[18]
review because their guidelines did not include recommendations for average-risk individuals (such as the British and the New Zealand guidelines) or issued only
[16]
combined recommendations for average and moderate-risk individuals (such as the Gastroenterological Society of Australia’s guidelines ) or are at an incomplete
publication stage. i.e., with the Australian Government NHMRC guidelines being currently under revision and not published as final version, no Australian guideline has
been included in our review. It is also important to note that many of the reviewed guidelines adopted their own system to grade the strength of recommendation/
evidence, limiting a more direct comparison.
In conclusion, average-risk individuals aged 50 to 75 should undergo CRC screening. Screening for individuals below 50 and above 75 should be individualized, but
it is important to consider stopping screening at a certain age. Colonoscopy (every 10 years), FS (every 5 years) and annual or biennial FOBT are the most common
recommended modalities for CRC screening. The superiority of FIT when compared to gFOBT has been established with regards to test performance characteristics,
while a combination of FIT and FS has been associated with better results than either test alone. Despite the current absence of RCT data, colonoscopy is considered
the preferred screening modality in many CRC guidelines. Ideal screening intervals remain an area of uncertainty and is currently under investigation in RCTs. Finally,
resource availability and individual preferences should be considered when choosing the most appropriate screening intervention to improve the uptake of and optimize
the real-life effectiveness of CRC screening.

[62]

Specificity was not defined separately for advanced adenoma detection and colorectal cancer detection. CRC: Colorectal cancer; gFOBT: Guaiac fecal occult blood test; FIT: Fecal immunochemical test; FS: Flexible sigmoidoscopy;
sDNA test: Stool DNA test; CTC: CT colonography; NR: Not reported.

1

gFOBT
FIT
FS
Colonoscopy
sDNA test
CTC

Screening test

Table 5 Screening tests characteristics
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Knowing which recommendations should clearly be perpetuated and which
ones need further investigation can be helpful when it comes to updating
guidelines or publishing new ones.
7

Research methods

A systematic review of the literature was completed to identify all CRC
screening guidelines for average-risk individuals published in English in the last
ten years and/or position statements published in the last two years. Articles
describing an established screening program without issuing recommendations,
or articles only reviewing existing guidelines were excluded. Guidelines
providing combined recommendations for average-risk and moderate/highrisk individuals, addressing only screening for moderate/high-risk individuals or
older versions of existing guidelines were also excluded.

8

9

Research results

Fifteen guidelines were included, six of which were published in North America,
four in Europe, four in Asia and one by the World Gastroenterology Organization
(WGO). A majority of guidelines recommend screening average-risk individuals
between ages 50 and 75. Preferred screening methods include colonoscopy
(every 10 years), flexible sigmoidoscopy (FS - every 5 years), guaiac-based
fecal occult blood test (gFOBT) or fecal immunochemical test (FIT), both
repeated annually or biennially. FIT is often recommended over gFOBT, and
combining FS with a stool based test is an option that should be considered.
The role of colonoscopy varies greatly from one guideline to another, as some
identify it as the screening gold standard whilst others highlight the lack of highquality evidence supporting its use. Screening intervals as well as rank order
between tests are also areas of uncertainty.

10

11

12

Research conclusions

Average-risk individuals should undergo CRC screening between ages 50 and
75. Colonoscopy, FS, gFOBT and FIT are recognized as cost-efficient and
currently recommended in a majority of guidelines, however their respective role
and rank are not clearly established. Local resources availability and patient
preferences should be considered when implementing a screening program, in
order to maximize screening uptake, as any screening is better than none.

13

Research perspectives

Establishing a clear ranking of screening methods rather than simply offering
a menu of options could be useful in clinical practice. Future research should
aim to provide high-quality evidence demonstrating screening tests efficiency,
especially colonoscopy, in order to facilitate comparison between tests and help
establishing such ranking. Screening intervals should be further investigated.

14
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Abstract
AIM
to define probiotic monotherapy effect on Helicobacter
pylori (H. pylori ) status by performing a systematic
review.
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METHODS
Methods of analysis and inclusion criteria were based
on PRISMA recommendations. Relevant publications
were identified by searching PubMed, MEDLINE,
Science Direct, and EMBASE. The end-point was to
estimate eradication rate and urea breath test delta
value before and after probiotic monotherapy across
all studies and, overall, with a pooled data analysis.
Adverse events of probiotic therapy were evaluated.
The data were expressed as proportions/percentages,
and 95%CIs were calculated. For continuous variables,
we evaluated the weighted mean difference. Odd ratios
(ORs) were calculated according to the Peto method for
the comparison of eradication rates between probiotics
and placebo.
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RESULTS
Eleven studies were selected. Probiotics eradicated
H. pylori in 50 out of 403 cases. The mean weighted
eradication rate was 14% (95%CI: 2%-25%, p =
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0.02). Lactobacilli eradicated the bacterium in 30
out of 235 patients, with a mean weighted rate of
16% (95%CI: 1%-31%). Saccharomyces boulardii
achieved eradication in 6 out of 63 patients, with a
pooled eradication rate of 12% (95%CI: 0%-29%).
Multistrain combinations were effective in 14 out of 105
patients, with a pooled eradication rate of 14% (95%CI:
0%-43%). In the comparison of probiotics vs placebo,
we found an OR of 7.91 in favor of probiotics (95%CI:
2.97-21.05, p < 0.001). Probiotics induced a mean
reduction in delta values higher than placebo (8.61%
with a 95%CI: 5.88-11.34, vs 0.19% for placebo, p
< 0.001). Finally, no significant difference in adverse
events was found between probiotics and placebo (OR
= 1, 95%CI: 0.06-18.08).

Until a few years ago, triple therapy (based on a
proton pump inhibitor, amoxicillin and clarithromycin)
was considered as the standard first-line regimen.
However, failure rates have increased recently, due
to the spreading of antibiotic resistances, which are
[5]
due to point mutations of the H. pylori genome . For
this reason, alternative first-line regimens have been
proposed (sequential, concomitant, quadruple with
and without bismuth, and hybrid). In this context, the
geographic pattern of antibiotic resistances must also
[6-9]
be studied as a relevant matter . To now, the “ideal
therapy” does not exist and this is the real limit for
[6]
worldwide effective therapeutic guidelines .
A relevant problem related to H. pylori therapy
failure is linked to patient compliance, which is often
affected by antibiotic-associated adverse events,
including diarrhea, nausea, vomiting and abdominal
pain. Therefore, the development of a new strategy
which could improve the eradication rate as well as
reduce the frequency of adverse effects is advisable.
Probiotics are defined as “live microorganisms that,
when administered in adequate amounts, confer a
[10]
health benefit on the host” . The intestinal microbiota
is the community of microorganisms which colonizes
the gut. It is an essential component of the luminal
intestinal environment. Antibiotic-induced alteration
of the microbiota may lead to diarrhea and other side
[11]
effects . Consequently, probiotic supplementation
could restore microbial balance, thus preventing
[12,13]
antibiotic-associated adverse events
. In particular,
this benefit may be useful in H. pylori management for
the need to administer a combination of antibiotics at
high dose.
Furthermore, it is supposed that probiotics could
interfere with potential pathogens which may colonize
[14]
the stomach . Indeed, probiotics may compete
with H. pylori for host surface receptors and, thereby,
[15]
inhibit its adhesion to epithelial cells . Furthermore,
it has been demonstrated that, L. acidophilus may
[16]
hamper H. pylori urease activity in vitro . Finally,
lactobacilli produce lactic acid, which is able to
counteract H. pylori-induced hypochlorhydria and
[17]
has bactericidal effect itself . For these reasons, it
is possible to hypothesize that probiotics may exert a
direct inhibitory effect on H. pylori growth.
Several meta-analyses have demonstrated that
probiotics, when given in combination with the stan
dard therapy, induce an improvement in both eradi
cation rates and reduction of adverse events. In this
[18]
regard, Zhang et al
demonstrated that probiotic
administration along with triple therapy achieved a
success rate of 82.31% (against the 72.08% of the
control group), with a risk ratio of 1.11 in favor of
[19]
probiotics. Another study
showed that probiotics
have a positive effect on preventing diarrhea [odds
ratio (OR) = 0.21] and increase the eradication rate,
with an OR of 1.68.
Until now, meta-analyses have investigated pro

CONCLUSION
Probiotics alone show a minimal effect on H. pylori
clearance, thus suggesting a likely direct role.
Key words: Helicobacter pylori ; probiotics; eradication;
meta-analysis; breath test
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Despite several lines of evidence in the
literature having demonstrated a pivotal role of probi
otics as adjunctive treatment for Helicobacter pylori (H.
pylori ) eradication, national and international guidelines
do not have a uniform consensus about their clinical
application. Many meta-analyses have confirmed that
co-administration of probiotics may have a beneficial
effect on the prevention of side effects and eradication
rates. Herein, we found that probiotic monotherapy
may eradicate H. pylori in 14% of cases. Lactobacilli,
Saccharomyces boulardii and multistrain combinations
eradicated the bacterium with a rate of 16%, 12% and
14%, respectively. Probiotics were significantly more
effective than placebo (OR = 7.91).
Losurdo G, Cubisino R, Barone M, Principi M, Leandro G,
Ierardi E, Di Leo A. Probiotic monotherapy and Helicobacter
pylori eradication: A systematic review with pooled-data analysis.
World J Gastroenterol 2018; 24(1): 139-149 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i1/139.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i1.139

INTRODUCTION
Helicobacter pylori (H. pylori) is a ubiquitous Gramnegative, flagellated organism, residing in the human
stomach, where it may cause both malignant and
[1-3]
nonmalignant diseases . The treatment of H. pylori
relies mainly on a combination of antibiotics. How
ever, despite several therapeutic schemes having
been proposed, the way towards ideal therapeutic
[4]
management remains an unsolved issue .
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Summary measures and planned methods of analysis

biotic effects on H. pylori only in association with
antibiotics. To the best of our knowledge, there are
no meta-analyses concerning probiotic monotherapy
effects on H. pylori infection. Therefore, our aim was to
perform a systematic review with pooled data analysis
regarding this uninvestigated topic.

The end-point was to estimate the mean eradication
rate and variations of delta value at UBT across all
studies and, overall, with a pooled data analysis. The
data were expressed as proportions/percentages,
and 95%CIs were calculated using the generic inver
se variance method, as described in the Cochrane
[21]
Handbook, Chapter 9.4.3.2 , and as we already
[22]
performed in a previous meta-analysis . The inverse
variance methods allow a “weighting” of the eradication
rate according to the sample size. For continuous
variables (delta value of UBT), we entered mean,
standard deviations and sample size in order to cal
culate the weighted mean difference. OR and 95%CI
were calculated, where available, based on the Peto
method, for the comparison of two groups (probiotics
vs placebo).
Data were entered into the RevMan 5.3 software
(The Nordic Cochrane Centre, Copenhagen, Denmark)
(Cochrane library) in order to draw forest plots. A p
value < 0.05 was considered statistically significant.
2
2
Heterogeneity was assessed by using the χ and I
statistics. In particular, heterogeneity was considered
2
to be present if the χ test delivered a p < 0.05 and,
2
therefore, the I statistic was used to quantify the
proportion of heterogeneity between the studies. In
the presence of heterogeneity, a revision of included
studies was carried out to assess the main reasons
explaining the phenomenon and, therefore, a subgroup
analysis was performed. Only if this attempt failed,
a random effects model was employed, in order to
minimize the impact of heterogeneity. We preferred a
fixed effects model if less than 4 studies per outcome
[23]
were included in the analysis .
The degrees of freedom (df) were reported for
each analysis. We evaluated the quality of enrolled
[24]
studies by the Jadad scale
for randomized clinical
trials (RCTs) or by the Quality Assessment Tool
for Case Series Studies (QATCSS) of the National
[25]
Institutes of Health
for nonrandomized, open label
pilot studies. Finally, when comparison between two
groups (probiotics vs placebo) was performed, we
drew funnel plots and applied Egger’s regression
method to estimate the asymmetry of the funnel
plots, considering non-statistically significant results as
[26]
absence of publication bias .

MATERIALS AND METHODS
Eligibility criteria and study selection

Methods of analysis and inclusion criteria were based
on “Preferred Reporting Items for Systematic reviews
[20]
and Meta-Analyses” (PRISMA) recommendations ,
and the Meta-analysis Of Observational Studies in
Epidemiology (MOOSE) checklist has been enclosed as
supplementary material. We excluded review articles,
experimental in vitro studies and single case reports.

Data collection process

A literature search was performed in May 2017.
Relevant publications were identified by a search of
PubMed, MEDLINE, Science Direct and Scopus. The
search terms were Helicobacter pylori, probiotics,
lactobacilli, bifidobacteria, saccharomyces, treatment,
eradication, breath test. We used the following string,
with Boolean operators AND/OR: ([Helicobacter
pylori OR H. pylori] AND [probiotic* OR lactobacil*
OR bifidobacteria OR saccharomyces OR bacillus OR
treatment OR eradication OR breath test]). We excluded
studies that used probiotics in combination with
antibiotics, while co-administration of other molecules,
such as proton pump inhibitors, was not considered as
an exclusion criterion. We excluded, as well, studies
in which patients with major gastrointestinal surgery
interventions were enrolled.
Titles and abstracts of papers were screened by
two reviewers (Losurdo G and Ierardi E). Studies
were independently prescreened in blinded fashion
for relevance by the two reviewers using full reports.
Discussion put an end to any disagreements. Su
ccessively, data were extracted from the relevant
studies by one reviewer and checked by a second
reviewer, and thus inserted into dedicated tables. A
third reviewer (Leandro G) came to a decision on any
disagreements.
Reviewers independently extracted the following
data from each paper: (1) year of publication; (2)
country where the study was performed; (3) singleor multicenter study; (4) study design; (5) number of
patients included; (6) mean age and sex of enrolled
patients; (7) test used to diagnose H. pylori infection;
(8) type of probiotic and modality of administration;
(9) success rate; (10) delta values of urea breath test
(UBT); and (11) adverse events. We did not include
studies reporting only the results of UBT delta value
without detailing eradication rate.
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RESULTS
Study selection

The literature search found 1537 articles overall.
After study selection, reported in detail in Figure 1,
[27-37]
11 studies were eligible for the analysis
. Only
[27,29,30,32,33,36,37]
7 of them were RCTs
. A total of 517
H. pylori-infected patients were recruited. Of these,
114 received a placebo treatment and served as a
control group, and the remaining 403 had probiotic
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Record identified through
database searching
n = 1537

Records screened after
duplicates removed
n = 891
Records excluded
n = 739
Records assessed for eligibility
n = 152
141 excluded:

• 36 reviews
• 6 meta-analyses investigating

probiotics as adjunctive treatment
Records included in
quantitative synthesis
n = 11

• 32 studies investigating probiotics
as adjunctive treatment

• 64 in vitro studies
• 3 low quality studies/not reporting
eradication rate

Figure 1 Flowchart showing the process of study selection for the systematic review.

supplementation. In all studies except 2, the diagnosis
[27,37]
was achieved by UBT
, but in most cases the initial
diagnosis was established by the combination of more
than one test, including UBT, upper endoscopy with
histology or rapid urease test, serology or stool antigen
test (SAT). The verification of eradication of treatment
[27,37]
was performed by UBT in all but 2
, which used
SAT both for diagnosis and eradication control. Details
of the cut-offs used for diagnosis and timing of UBT
are reported in Table 1.
Only 3 studies were conducted on the pediatric
[30,35,37]
population
. In most cases (7), a lactobacillibased formulation was employed, while only 2 studies
[28,35]
administered Saccharomyces boulardii
and 3
[31,33,36]
investigated probiotic multistrain formulations
.
[28]
Of note, only in 1 study
was probiotics given in
combination with proton pump inhibitor. The duration
of probiotic supplementation varied across the studies,
from 10 d to 1 year. Quality assessment is reported in
Table 2.

randomized trials (95%CI: 0%-44%, p = 0.34). No differ
ence was found between these two groups (p = 0.99).

Eradication rate according to the probiotic strain

Most of studies investigated a probiotic formulation
based on a single lactobacilli strain (further details of
[27-30,32,34,35]
species are listed in Table 1)
. Lactobacilli
eradicated the bacterium in 30 out of 235 patients,
with a mean weighted rate of 16% (95%CI: 1%-31%,
[31,33,36]
df = 2). Multistrain combinations
were effective
in 14 out of 105 patients, with a pooled eradication
rate of 14% (95%CI: 0%-43%, df = 1). In the two
[30,37]
studies evaluating Saccharomyces boulardii
, the
treatment was successful in 6 out of 63 subjects (pooled
rate of 12%, 95%CI: 0%-29%). We did not find any
statistically significant difference among these three
formulations (P = 0.94). The forest plot of this analysis
is reported in Figure 3.

Probiotics vs placebo in the eradication of H. pylori
[27,29,32,33,36,37]

Six RCTs
compared probiotics to a placebo
(see Figure 4). In total, probiotics eradicated the
bacterium in 38 out of 238 patients (15.9%), while
placebo alone did not achieve any success (0 out of
114, 0%). The analysis, reported in Figure 4, provided
an OR of 7.91 in favor of probiotics, with a 95%CI of
2.97-21.05. In this case, we used a fixed effects model
2
since heterogeneity was absent (χ = 0.75, df = 2, p
= 0.69). A funnel plot, reported in Figure 5, showed
that a possible bias could be detected, as confirmed
by Egger’s test (p = 0.02). However, the low number
of included studies and the presence of 0% eradication
rates (which are void for the test) imply that the test
has a low statistical power, and therefore the possibility

Overall effectiveness of probiotics in eradicating H. pylori

In the 11 selected studies, probiotics eradicated H.
pylori in 50 out of 403 cases. The mean weighted
eradication rate was 14%, with a 95%CI of 2%-25%
(df = 4, p = 0.02). In 6 studies, probiotic treatment
[29,31,32,34,35,37]
was unsuccessful
, while the highest per
centage of eradication (32.5%) was achieved in an
[33]
Italian study . The forest plot of such analysis is
displayed in Figure 2a.
Further, we performed a sub-analysis comparing
the success rate in RCT vs non-randomized studies
(Figure 2b). The pooled rate was 14% for RCT
(95%CI: 1%-27%, df = 3, p = 0.04) and 14% for non-
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Table 1 Main characteristics of the studies included in the quantitative analysis
Ref.

Nation

Age and sex

Probiotic strain and dose

Diagnosis

Control of
eradication

Eradication
rate % (n/N)

Boonyaritichaikij
et al[27], 2009

Japan

62 ± 14 yr

Cheese with L. gasseri OLL2716 5 × 108
CFU/g for 12 mo

SAT

SAT after 12
mo

L. reuteri 108 CFU/tablet bid +
Pantoprazole 20 mg bid for 60 d

UBT

UBT after
30-40 d

Probiotic:
29.3% (24/82)
Placebo: 0%
(0/6)
14.3% (3/21)

Male sex: 54.5%
Dore et al[28], 2014

Italy

Francavilla et al[29],
2008

Italy

Gotteland et al[30],
2005

Chile

Myllyluoma et al[31],
2007

Finland

Mean age: 51 yr
(range, 21-68)
Male sex: 13.6%
53.3 ± 13.3 yr
(probiotics)
52.4 ± 13.1 yr
(placebo)
Male sex: 57.5%
8.5 ± 1.7
Male sex: 49.6%

Mean age: 51 yr
(range, 40-69)

Pantoflickova et al[32], Switzerland
2003

25 ± 5 yr
Male sex: 50%

Rosania et al[33], 2012

Italy

Sakamoto et al[34],
2001
Shimizu et al[35], 2002

Japan

Wang et al[36], 2004

China

52.4 ± 21.7 yr
(probiotics)
48.7 ± 25.3 yr
(placebo)
Male sex: 42.5%
50.1 ± 7.4 yr
Male sex: 93.1%
Mean age: 12.1 yr
(range, 7.4-15.8)
Male sex: 41.7%
Not available

Iran

Age range of 9-12 yr

Japan

Namkin et al[37], 2016

L. reuteri ATCC55730 108 CFU/tablet bid
UBT (cut-off
UBT after 4 wk Probiotic: 0%
for 28 d
3.5%), SAT, RUT,
(0/20)
Placebo: 0%
histology
(0/20)
L. acidophilus LB 109/tablet bid or S.
UBT (cut-off 5‰)
boulardii 250 mg + inulin 5 g bid for 8 wk

9.3% (9/97)
L. acidophilus
6.5% (3/46)
S. boulardii
11.8% (6/51)
Multi-strain (L. rhamnosus GG, L.
UBT (cut-off 2.2%), UBT after 8 wk
0% (0/6)
rhamnosus LC705, P. freudenreichii JS, B.
RUT, histology
lactis Bb12) 2.5 × 109 CFU/day for 8 wk
L. johnsonii bid for 3 wk, then once daily UBT (cutoff 5%), UBT, culture Probiotic: 0%
for 13 wk
histology, culture, at the end of
(0/25)
Placebo: 0%
RUT, serology
treatment
(0/25)
Multi-strain (S. termophilus, L. acidophilus, UBT (cut-off 4%) UBT after 4 wk
Probiotic:
B. longum, L. plantarum, B. brevis, L.
32.5% (13/40)
Placebo: 0%
paracasei, B. infantis, L. delbrueckii) 1800 ×
(0/40)
109/d for 10 d
Yoghurt + L. gasseri OLL2716 1-1.4 × 107
CFU/g bid for 8 wk
Yoghurt + L. gasseri OLL2716 1-1.4 × 107
CFU/g bid for 8 wk

UBT after 1 d

UBT (cut-off 5%) UBT after 9 wk
SAT, UBT

SAT, UBT after
4 and 10 wk

0% (0/29)
0% (0/12)

Multi-strain yoghurt (L. acidophilus La5, UBT (cut-off 3.5%), UBT after 8 wk
B. lactis Bb12, L. bulgaricus, S. termophilus)
histology
> 107 bacteria/mL for 6 wk
S. boulardii 250 mg/d for 1 mo

Probiotic:
1.7% (1/59)
Placebo: 0%
(0/11)
SAT after 8 wk Probiotic: 0%
(0/12)
Placebo: 0%
(0/12)

SAT

Male sex: 20.8%

CFU: Colony forming units; RUT: Rapid urease test; SAT: Stool antigen test; UBT: Urea breath test.

Table 2 Quality assessment according to the type of studies
Ref.
[27]

Boonyaritichaikij et al , 2009
Dore et al[28], 2014
Francavilla et al[29], 2008
Gotteland et al[30], 2005
Myllyluoma et al[31], 2007
Pantoflickova et al[32], 2003
Rosania et al[33], 2012
Sakamoto et al[34], 2001
Shimizu et al[35], 2002
Wang et al[36], 2004
Namkin et al[37], 2016

1

Type of study

Jadad score

QATCSS score

Randomized, single blind placebo-controlled, pilot
Prospective, single center, open label pilot study
Randomized, double blind placebo-controlled
Randomized, open study
Prospective, single center, open label pilot study
Randomized, double blind placebo-controlled
Randomized, double blind placebo-controlled
Single center, open label pilot study
Single center, open label pilot study
Randomized, double blind placebo-controlled
Randomized, double blind placebo-controlled

3
NA
4
3
NA
4
4
NA
NA
2
5

NA
8
NA
NA
7
NA
NA
6
6
NA
NA

2

1

Jadad scale reaches a maximum score of 5; 2QATCSS reaches a maximum score of 9. NA: Not applicable.
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A
Study or subgroup
Boonyaritichikij 2009
Dore 2014
Francavilla 2008
Gotteland 2005
Myllyluoma 2007
Namkin 2016
Pantoflickova 2003
Rosania 2012
Sakamoto 2001
Shimuzu 2002
Wang 2004

Eradication rate

SE

0.2926
0.1428
0.0000
0.0927
0.0000
0.0000
0.0000
0.3250
0.0000
0.0000
0.0169

0.0984
0.1496
0.0000
0.0577
0.0000
0.0000
0.0000
0.1451
0.0000
0.0000
0.0329

Eradication rate

Eradication rate

Weight

IV, random, 95%CI

IV, random, 95%CI

18.1%
10.9%

0.29 (0.10, 0.49)
0.14 (0, 0.44)
Not estimable
0.09 (0, 0.21)
Not estimable
Not estimable
Not estimable
0.33 (0.04, 0.61)
Not estimable
Not estimable
0.02 (0, 0.08)

27.0%

11.4%

32.6%

Total (95%CI)
100.0%
2
2
2
Heterogeneity: Tau = 0.01; χ = 11.19, df = 4 (P = 0.02); I = 64%
Test for overall effect: Z = 2.30 (P = 0.02)

B
Study or subgroup
RCT
Boonyaritichikij 2009
Francavilla 2008
Gotteland 2005
Namkin 2016
Pantoflickova 2003
Rosania 2012
Wang 2004

Eradication rate

SE

0.2926
0.0000
0.0927
0.0000
0.0000
0.3250
0.0169

0.0984
0.0000
0.0577
0.0000
0.0000
0.1451
0.0329

0.1496
0.0000
0.0000
0.0000

0

0.5
Eradication rate

Eradication rate

Eradication rate

Weight

IV, random, 95%CI

IV, random, 95%CI

18.1%

0.29 (0.10, 0.49)
Not estimable
0.09 (0, 0.21)
Not estimable
Not estimable
0.33 (0.04, 0.61)
0.02 (0, 0.08)

27.0%

11.4%
32.6%

Subtotal (95%CI)
89.1%
2
2
2
Heterogeneity: Tau = 0.01; χ = 10.93, df = 3 (P = 0.01); I = 73%
Test for overall effect: Z = 2.09 (P = 0.04)
Non randomized
Dore 2014
0.1428
Myllyluoma 2007
0.0000
Sakamoto 2001
0.0000
Shimuzu 2002
0.0000
Subtotal (95%CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.95 (P = 0.34)

0.14 (0.02, 0.25)

10.9%

10.9%

Total (95%CI)
100.0%
2
2
2
Heterogeneity: Tau = 0.01; χ = 11.19, df = 4 (P = 0.02); I = 64%
Test for overall effect: Z = 2.30 (P = 0.02)
2
2
Test for subgroup differences: χ = 0.00, df = 1 (P = 0.99); I = 0%

  

1

0.14 (0.01, 0.27)

0.14 (0, 0.44)
Not estimable
Not estimable
Not estimable
0.14 (0, 0.44)

0.14 (0.02, 0.25)
0

0.5
Eradication rate

  

1

Figure 2 Mean eradication rate of probiotics for H. pylori infection (A). B: A sub-analysis according to the type of studies (randomized controlled trials (RCTs) vs
open label studies) is reported.

of bias is questionable anyway.

reduced delta compared to placebo (p = 0.006).
2
In this analysis, despite a high heterogeneity (χ =
2
47.08, df = 8, p < 0.001, I = 83%) we used a fixed
effects model since the number of included studies
was low and the heterogeneity could be explained by
the different type of probiotics and the different study
design of enclosed trials. The forest plot of this analysis
is reported in Figure 6.

Variations in delta values for UBT

We aimed to evaluate whether probiotics’ administration
14
alone could reduce the expired C-marked CO2
during the UBT. Six studies provided sufficient data
(delta values expressed as ‰) to perform such
[29,30,33-36]
analysis
. In two studies, delta values for
[29,33]
placebo were reported
.
Overall, probiotics induced a statistically significant
mean reduction in delta values of 8.61‰ (95%ci:
5.88-11.34, df = 6) which was statistically significant.
On the other hand, placebo implied a reduction of
0.19‰, which was not statistically significant (95%CI:
-5.16-5.53, p = 0.94, df = 1). The test for subgroup
differences demonstrated that probiotics significantly

WJG|www.wjgnet.com

Adverse events

Only 3 studies described adverse events during pro
[28,30,37]
biotic administration
, and only 1 case of side
effect was reported in 39 treated patients, with a
pooled prevalence of 8% (95%CI: 0%-39%, p = 0.59).
[37]
In only 1 study , side effect rate was reported both
for placebo and probiotic groups. In this case, the
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Study or subgroup

Eradication rate

SE

Eradication rate

Eradication rate

Weight

IV, random, 95%CI

IV, random, 95%CI

15.1%
8.8%

0.29 (0.10, 0.49)
0.14 (0, 0.44)
Not estimable
0.07 (0, 0.20)
Not estimable
Not estimable
Not estimable
0.16 (0.01, 0.31)

Lactobacilli
Boonyaritichikij 2009
0.2926
Dore 2014
0.1428
Francavilla 2008
0.0000
Gotteland 2005
0.0652
Pantoflickova 2003
0.0000
Sakamoto 2001
0.0000
Shimuzu 2002
0.0000
Subtotal (95%CI)
2
2
Heterogeneity: Tau = 0.01; χ = 3.50, df = 2
Test for overall effect: Z = 2.05 (P = 0.04)

0.0984
0.1496
0.0000
0.0713
0.0000
0.0000
0.0000

20.5%

44.3%
2
(P = 0.17); I = 43%

Multistrain
Myllyluoma 2007
0.0000
Rosania 2012
0.3250
Wang 2004
0.0169
Subtotal (95%CI)
2
2
Heterogeneity: Tau = 0.04; χ = 4.29, df = 1
Test for overall effect: Z = 0.92 (P = 0.36)

0.0000
0.1451
0.0329

Not estimable
0.33 (0.04, 0.61)
0.02 (0, 0.08)
0.14 (0, 0.43)

9.2%
29.6%
38.8%
2
(P = 0.04); I = 77%

Saccharomyces
Gotteland 2005
0.1176
Namkin 2016
0.0000
Subtotal (95%CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.33 (P = 0.18)

0.0884
0.0000

16.9%

0.12 (0, 0.29)
Not estimable
0.12 (0, 0.29)

16.9%

Total (95%CI)
100.0%
2
2
2
Heterogeneity: Tau = 0.01; χ = 11.32, df = 5 (P = 0.052); I = 56%
Test for overall effect: Z = 2.42 (P = 0.02)
2
2
Test for subgroup differences: χ = 0.12, df = 2 (P = 0.94); I = 0%

0.12 (0.02, 0.23)
0

0.5

1

Figure 3 Sub-analysis of probiotics’ effectiveness in H. pylori eradication according to the strain.
Probiotics
Study or subgroup
Boonyaritichikij 2009
Francavilla 2008
Namkin 2016
Pantoflickova 2003
Rosania 2012
Wang 2004

Peto odds ratio

Peto odds ratio

Events

Total

Events

Placebo
Total

Weight

Peto, fixed, 95%CI

Peto, fixed, 95%CI

24
0
0
0
13
1

82
20
12
25
40
59

0
0
0
0
0
0

6
20
12
25
40
11

28.0%

68.7%
3.3%

4.30 (0.68, 27.37)
Not estimable
Not estimable
Not estimable
10.57 (3.25, 34.42)
3.28 (0.02, 714.74)

114

100.0%

7.91 (2.97, 21.05)

Total (95%CI)
238
Total event
38
0
2
2
Heterogeneity: χ = 0.75, df = 2 (P = 0.69); I = 0%
Test for overall effect: Z = 4.14 (P < 0.0001)

0.01

0.1
Placebo

0

10

100

Probiotics

Figure 4 Meta-analysis comparing the eradication rate of probiotics against placebo.

meta-analysis did not show any difference between
the two groups (OR = 1, 95%CI: 0.06-18.08, p = 1).

probiotic administration in order to reduce side effects
and improve the efficacy, since clinical trials and meta[41]
analyses are characterized by low quality .
The most important issue that sets a limit to draw
conclusions about the effects of probiotics in the
treatment of H. pylori is that they have been considered
only as an adjunctive treatment to antibiotics. In this
context, probiotics demonstrated effectiveness mainly
in reducing adverse events (especially diarrhea).
However, these studies did not provide adequate
evidence regarding a direct role in the eradication.
Few studies have focused probiotic alone activity on
bacteriotherapy in this field and, to date, this is the first
systematic review on this topic.
In our analysis, the exclusive inclusion of studies

DISCUSSION
Despite several lines of evidence in the literature
having demonstrated a consistent role of probiotics
[38]
as adjunctive treatment for H. pylori eradication ,
national and international guidelines do not address a
uniform consensus about their clinical application. The
last Maastricht guidelines state that certain probiotics
[39]
may have a beneficial impact on the eradication .
Similarly, Italian guidelines advise their use since they
[40]
may reduce antibiotics-related side effects . On the
other hand, Toronto guidelines discourage routine
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2

Standardized
log odds ratio
y = Δ/se(Δ)

0

-2

Precision x = 1/se (Δ)
0

1

2

3

4

5

6

Figure 5 Funnel plot of the meta-analysis comparing the eradication rate of probiotics against placebo.
Before
Study or subgroup

Mean

SD

After
Total Mean

SD

Probiotics
Francavilla 2008
33.8 15.0
20 27.3 12.1
Gotteland lactobacilli
33.4 19.3
46 32.7 15.2
Gotteland Saccharomyces 31.2 17.4
51 27.5 18.2
Rosania 2012
39.5 19.3
40 12.5
8.7
Sakamoto 2001
26.6 13.7
29 20.9 11.8
Shimuzu 2002
28.1 14.2
12 26.2 13.1
Wang 2004
36.2 19.4
59 28.2 15.8
Subtotal (95%CI)
257
2
2
Heterogeneity: χ = 39.37, df = 6 (P < 0.00001); I = 85%
Test for overall effect: Z = 6.18 (P < 0.00001)
Placebo
Francavilla 2008
35.8 15.5
20
37.3
Rosania 2012
33.5 15.5
40
32.6
Subtotal (95%CI)
60
2
2
Heterogeneity: χ = 0.16, df = 1 (P = 0.69); I = 0%
Test for overall effect: Z = 0.07 (P = 0.94)

16.2
13.5

Mean difference

Mean difference

Total

Weight

IV, fixed, 95%CI

IV, fixed, 95%CI

20
46
51
40
29
12
59
257

8.3%
11.7%
12.4%
13.7%
13.7%
5.0%
14.5%
79.3%

6.50 (-1.95, 14.95)
0.70 (-6.40, 7.80)
3.70 (-3.21, 10.61)
27.00 (20.44, 33.56)
5.70 (-0.88, 12.28)
1.90 (-9.03, 12.83)
8.00 (1.62, 14.38)
8.61 (5.88, 11.34)

20
40
60

6.1%
14.6%
20.7%

-1.50 (-11.33, 8.33)
0.90 (-5.47, 7.27)
0.19 (-5.16, 5.53)

Total (95%CI)
317
317 100.0%
2
2
Heterogeneity: χ = 47.08, df = 8 (P < 0.00001); I = 83%
Test for overall effect: Z = 5.53 (P < 0.00001)
2
2
Test for subgroup differences: χ = 7.55, df = 1 (P = 0.006); I = 86.8%

6.86 (4.43, 9.30)
-20

-10    0
10
Variation in delta value

20

Figure 6 Variations of delta value for urea breath test before and after the treatment, both for probiotics and placebo.

using probiotics alone allowed us to draw more solid
conclusions about the role of probiotics, since we
removed the interference of factors and bias related to
antibiotics such as inhomogeneous resistance pattern,
variations in doses and administration modalities,
patient compliance and adverse events. On the other
hand, our analysis implied other limitations, such as
the low number of enrolled patients, the differences
of administered probiotic strains and the lack of
randomization and/or a placebo arm as control group.
For this reason, we attempted to limit these sources
of heterogeneity by adding subgroup analyses and by
choosing a random effect model heterogeneity that was
[23]
high, a strategy that can minimize this phenomenon .
Finally and unfortunately, none of the included studies
reported any data about smoking habits nor on alcohol
assumption. Therefore, we were unable to perform
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a sub-analysis. This is another drawback, since it is
known that such factors could influence the eradication.
However, most of studies were conducted in pediatric
populations, so that we may assume that such cases
patients did not consume alcohol nor cigarettes.
The first relevant finding of this review is that
probiotics alone may eradicate H. pylori, in 14%. From
a clinical point of view, this is an unsatisfactory rate;
however, taking into account that this percentage is
considerably higher than placebo (0%, with a Peto OR
= 7.91; figure 4), we could assume that probiotic direct
antibacterial action against H. pylori is consistent. Our
analysis failed to ascertain whether some formulations
may be more effective than others, but this limitation
is due to the low number of included studies. Indeed,
better outcome (32.5% of successful eradication) was
achieved in the study which employed a multistrain
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[33]

Lactobacilli, Saccharomyces boulardii and multistrain combinations eradicated
the bacterium with a rate of 16%, 12% and 14%, respectively. Probiotics were
significantly more effective than placebo (OR = 7.91). Moreover, probiotics were
able to reduce delta values in the expirate of urea breath test.

combination with the highest bacterial charge . On
the other hand, in 4 out of 7 studies using a single
lactobacillus strain, no eradication was recorded. These
observations may suggest that an association of more
[42]
bacterial species could be more effective . One study
explored the effect of Saccharomyces boulardii, a yeast
species, demonstrating a success rate of 11.8% and,
thus, indicating a reliable performance in H. pylori
[43,44]
gastritis
.
The second important result concerns the variations
in delta values for UBT. Indeed, as shown in Figure 6,
in all studies, a reduction of delta values was observed
in the probiotic arm, while delta values remained
stable in subjects assuming placebo. This result is in
[45,46]
agreement with evidence from the literature
and
may suggest that probiotics could reduce the bacterial
load in any case, despite a complete eradication not
[47,48]
being obtained
. Indeed, labeled CO2 in the expirate
is considered as an indirect indicator of the density of
[49,50]
gastric H. pylori colonization
. A probiotic-induced
intragastric bacterial load reduction has been confirmed
by histological semiquantitative analysis in some
[31]
included studies and even by a study, which used an
[29,51]
original assessment of bacterial stool antigen
.
In conclusion, preliminary data show that a primary
therapeutic effect of probiotics may be hypothesized
for H. pylori, but the low number of studies, their in
homogeneity in the design and the low number of
enrolled patients are a critical limit to drawing evidencebased conclusions. However, the modulation of gastric
microbiota could represent an intriguing aspect, since it
does not imply the drawback of antibiotics (induction of
dysbiosis, side effects) and is safe and probably more
[11,52]
acceptable for patients
.

Research conclusions

The eradication rate of probiotics’ monotherapy is disappointing; however,
our meta-analysis showed that, in some cases, they are able to defeat the
bacterium. They compete with H. pylori for host surface receptors and, thereby,
inhibit its adhesion to epithelial cells. Furthermore, it has been demonstrated
that probiotics could hamper H. pylori urease activity. On these bases, since
probiotics administration does not carry the risk of antibiotic resistance, it could
represent an optimal strategy in selected cases.

Research perspectives

Further studies on large sample size are necessary to draw more solid
conclusions about a direct inhibitory effect of probiotics on H. pylori.
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Bone metastasis is a rare event in patients with gastric
cancer, but pathologic fracture, paralysis, pain and
hematological disorders associated with the bone
metastasis may influence the quality of life. We report
herein the case of a 53-year-old man who presented
with primary remnant gastric cancer with bone meta
stasis. The patient requested further investigations
nd
after detection of a metastatic lesion in the 2 lumbar
vertebra during evaluation for back pain that had
persisted for 3 mo. No other metastatic lesions were
detected. He underwent total gastrectomy and palliative
metastasectomy to aid in reduction of symptoms, and
he received combination chemotherapy with tegafur
(S-1) and cisplatin. The patient survived for about
60 mo after surgery. Currently, there is no treatment
guideline for gastric cancer with bone metastasis, and
we believe that gastrectomy plus metastasectomy may
be an effective therapeutic option for improving quality

Informed consent statement: Informed consent was obtained
from the patient for this case report.
Conflict-of-interest statement: The authors declare that they
have no competing interests.
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/

WJG|www.wjgnet.com

150

January 7, 2018|Volume 24|Issue 1|

Choi YJ et al . Gastric cancer with bone metastasis

of life and survival in patients with resectable primary
gastric cancer and bone metastasis.

case of long-term survival after completion of total
gastrectomy and metastasectomy for primary remnant
gastric cancer (RGC) with bone metastasis. We also
include a review of the relevant literature.

Key words: Stomach neoplasms; Gastrectomy; Bone
neoplasms; Neoplasm metastasis; Metastasectomy

CASE REPORT

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

A 53-year-old male patient, who had complained of
nd
back pain, was found to have a mass in the 2 lumbar
vertebra by magnetic resonance imaging (MRI), and
was transferred to our institution for further evaluation.
He had no significant medical history, except for having
undergone gastrectomy due to a gastric ulcer 15 years
prior. At the onset, blood biochemical parameters
were within normal range (alkaline phosphatase:
141 IU/L, normal range: 40-145 IU/L; calcium: 9.5
mg/dL, normal range: 8.2-10.8 mg/dL), as were the
levels of carcinoembryonic antigen (CEA; 2.26 ng/mL,
normal range: < 5.0 ng/mL), cancer antigen (CA) 19-9
(12.25 U/mL, normal range: < 37 U/mL) and lactate
dehydrogenase (LDH; 152 IU/L, normal range: 70-178
IU/L). The MRI showed a suspicious metastatic lesion
nd
in the 2 lumbar vertebra with enhancing signal
intensity on a T2-weighted image, and bone scans
nd
showed a focal hot uptake at the 2 lumbar vertebra
nd
(Figure 1A-C). A bone biopsy taken at the 2 lumbar
vertebra was diagnosed as metastatic adenocarcinoma.
Gastroduodenoscopic findings showed a Borrmann
type III lesion at the remnant stomach lesser curvature
(Figure 1D), which was diagnosed as poorly differen
tiated adenocarcinoma by biopsy. Serum fasting gastrin
level was within normal range, and Giemsa staining did
not demonstrate Helicobacter pylori (H. pylori) infection
in the gastric biopsy specimen. No other metastatic
lesions were detected on chest computed tomography
(CT) and abdominal pelvic CT scans.
The patient underwent total gastrectomy with Rouxen-Y esophagojejunostomy and lumbar vertebrae
metastasectomy (Figure 2A and B). Pathologic findings
after the surgery described poorly differentiated
adenocarcinoma, with invasion of serosa and massive
lymphovascular invasion. Five metastatic lymph nodes
were observed among the nine regional lymph nodes
examined. Microscopically, the tumor consisted of solid
nests of poorly differentiated tumor cells having ovoid
nuclei and indistinct cytoplasm. Immunohistochemi
stry showed that the tumor cells exhibited diffuse
immunoreactivity for cytokeratin AE1/AE3, but were
negative for synaptophysin and vimentin, a test for
neurofilament immunoreactivity that has been identified
in most neuroendocrine tumors. These findings support
the diagnosis of poorly differentiated adenocarcinoma
(Figure 3A-D).
Microscopically, the tumors of lumbar vertebrae
were identified as poorly differentiated, with histologic
and immunohistochemical features identical to those
of the carcinoma of the stomach (Figure 3E-H).
Bone marrow was also obtained from the patient’s
lumbar spine during surgery, and no cancer cells were

Core tip: Gastrectomy and metastasectomy may be an
effective therapeutic option for improving quality of life
and survival in selected gastric cancer patients with
bone metastasis. Favorable factors, such as resectable
solitary bone lesions, good performance status and
normal serum carcinoembryonic antigen levels, should
be utilized to stratify and select patients who will be
good candidates for surgery.
Choi YJ, Kim DH, Han HS, Han JH, Son SM, Kim DS, Yun
HY. Long-term survival after gastrectomy and metastasectomy
for gastric cancer with synchronous bone metastasis. World J
Gastroenterol 2018; 24(1): 150-156 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v24/i1/150.htm DOI: http://
dx.doi.org/10.3748/wjg.v24.i1.150

INTRODUCTION
The survival rate associated with gastric cancers
has improved due to improvements in diagnostic
technology, surgery, adjuvant therapy and increased
detection at early stages. Although the incidence of
gastric cancer has gradually declined, it remains the
second most common cancer in South Korea, after
thyroid cancer, according to the Korea Cancer Registry
statistics for the year 2010. It is also the third leading
[1]
cause of cancer-related death .
A substantial proportion of patients are diagnosed
at an advanced stage with synchronous distant
metastases. Treating such patients is a therapeutic
challenge for physicians, since it is generally accepted
that such patients have incurable disease and that
treatment is administered with a noncurative intent.
Distant metastasis in gastric cancer patients is known
to be one of the most important prognostic risk factors,
with associated parameters like depth of invasion and
[2]
lymph node metastasis . Bone metastasis is more
commonly observed in other cancer types, like cancers
of the breast, lung and prostate, but is rather rare in
[3]
gastric cancer .
Gastric cancer with bone metastasis is associated
[4,5]
with poor prognosis
. Moreover, it is related to
pathologic fracture, paralysis, pain and hematological
disorders, which may influence quality of life and need
for further treatment. Disease management in such
cases is a challenge for physicians, since no guidelines
exist for treatment of patients with gastric cancer
and associated bone metastasis. We present here a
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A

B

C

D

Figure 1 Radiologic findings of the 2nd lumbar vertebra and the endoscopic finding of gastric cancer. A and B: Bone magnetic resonance imaging showing
bone marrow signal change and soft tissue formation at the 2nd lumbar vertebra that extended to the transverse process and the back muscle; C: Bone scan
demonstrating 99m Tc-HDP 25mCi uptake in the 2nd lumbar vertebra; D: Endoscopy revealing a 3-cm ulceroinfiltrative mass on the lesser curvature of the high body of
the remnant stomach.
S2005-08818

A

S2005-08818

B

Figure 2 Macroscopic findings of resected stomach and metastatic tumor of bone. A: A 3-cm ulceroinfiltrating mass was found on the lesser curvature side of
stomach. It was 4 cm distant from the proximal resection margin, and 11 cm distant from the distal resection margin; B: About 100 cc of bone and soft tissues were
resected from the lumbar spine.

detected in the bone marrow aspirate. The results of
postoperative pathologic findings led to a tumor-nodemetastasis classification of T4aN2M1, according to the
th
American Joint Committee on Cancer 7 edition staging
manual.
The patient received palliative first-line combination
chemotherapy with tegafur (S-1) and cisplatin for a
year. Duration of relapse-free survival was 25 mo,
when multiple metastases were found in follow-up to
have developed on the right ileum and liver (Figure
4). Right ileum radiotherapy and second-line palliative
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combination of folinic acid, fluorouracil and oxaliplatin
(known as FOLFOX chemotherapy) was administered.
Third-line combination chemotherapy of folinic acid,
fluorouracil and irinotecan (known as FOLFIRI) and
fourth-line docetaxel chemotherapy proceeded, and
the patient died 60 mo after surgery.

DISCUSSION
In this study, we report a case of RGC with synch
ronous isolated bone metastasis. The average interval
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A

B

C

D

E

F

G

H

Figure 3 Histopathological and immunohistochemical findings of stomach cancer (A-D) and metastatic bone lesion (E and F). A: The stomach tumor
consisted of solid nests of poorly differentiated tumor cells, with ovoid nuclei and indistinct cytoplasm (hematoxylin-eosin, × 400); B-D: Immunohistochemistry showed
that the tumor cells exhibited diffuse immunoreactivity for cytokeratin AE1/AE3 (B: × 400), but were negative for vimentin (C: × 400) and synaptophysin (D: × 400),
which supported the diagnosis of poorly differentiated adenocarcinoma; E: The bone tumors were identified as poorly differentiated tumors (hematoxylin-eosin, ×
400), with histologic and immunohistochemical features identical to those of the carcinoma of the stomach that were positive for cytokeratin AE1/AE3 (F: × 400) and
negative for vimentin (G: × 400) and synaptophysin (H: × 400).

A

B

C

Figure 4 Findings of bone magnetic resonance imaging, bone scan and abdomen computed tomography after 25-mo of follow-up. A and B: Right ileum
bone metastasis; C: Liver metastasis.

more prevalent in developing RGC than Billroth-Ⅰ
(B-Ⅰ) reconstruction; the possible reason is continuous
bathing by duodenogastric reflux, as well as mucosal
[6,7]
inflammation and regeneration . In the case described
herein, H. pylori infection was not identified. But, the
previous B-Ⅱ reconstruction and persistent duodeno
gastric reflux could have been the possible cause of

between initial distal gastrectomy and the second
surgery for RGC is reported to be 22.0-34.6 years for
[6]
benign disease and 6.8-18.8 years for gastric cancer .
As possible important factors for the pathogenesis for
RGC, H. pylori infection, duodenogastric reflux and
denervation of gastric mucosa have been considered.
Also, Billroth-Ⅱ (B-Ⅱ) reconstruction is known to be
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RGC in this patient.
While the number of patients diagnosed with gastric
cancer has increased with the development of endo
scopy and mass screening tests, the survival rate
of gastric cancer patients has also improved due to
the advancement of diagnostic technology for early
detection, surgery and postoperative adjuvant therapy.
However, there is a substantial portion of the patient
population with unresectable gastric cancer due to
synchronous distant metastasis. It is now accepted
that the presence of bone metastasis is an independent
[8]
prognostic risk factor for advanced gastric cancer .
Gastric cancer with synchronous bone metastasis
[4]
occurs rarely. Park et al reported that synchronous
bone metastases developed in about 0.9% of the total
gastric cancer cases in their series. Evidence in the
literature suggests that gastric cancer with synchronous
bone metastasis is associated with a poor prognosis,
[4]
the median survival time of which is 97 d . In the
majority of cases of gastric cancer with synchronous
bone metastasis, the tumor is unresectable and the
prognosis is very poor. There is also no established
treatment guideline for these patients.
Physicians are often placed in challenging situa
tions to manage the disease, since the difficulty is
compounded by the presence of associated pathologic
fractures, pain and hematologic disorders. Some
studies have reported survival gain in gastric cancer
patients with synchronous distant metastasis who
underwent resectable gastric surgery, with or without
[9-11]
metastasectomy
. Meta-analysis revealed that
palliative gastrectomy is associated with a signifi
cant improvement in overall survival (HR = 0.62),
as compared to that of patients without palliative
[9]
[11]
gastrectomy . Kim et al
studied the effect of gas
trectomy and metastasectomy in patients with gastric
cancer with distant metastases, who had previously
received chemotherapy. They reported that the survival
rate of patients who underwent gastrectomy plus
metastasectomy was higher than that of patients who
underwent debulking gastrectomy only, as well as
that of patients who were administered chemotherapy
only (median overall survival and 3-year survival
rates reported as 28.0 mo, 15.5 mo and 9.0 mo and
42.8%, 8.1% and 3.5%, respectively). Meta-analysis
also showed the survival improvement in metastatic
gastric cancer patients who underwent visceral meta
stasectomy including liver, peritoneum and distant
node. The mean increased difference in survival
conferred by metastasectomy averaged between 9.3
[12]
mo and 15.7 mo .
However, the above studies were retrospective and
selection bias cannot be ruled out. Evidence to support
surgical intervention in these patients is not conclusive.
There is a need for prospective randomized controlled
studies to evaluate the value of resectable surgery on
patients with gastric cancer with distant metastasis.
Furthermore, in these studies, there was no case of
metastasectomy in patients with synchronous bone
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metastasis. In addition, in the study conducted by Park
[4]
et al there was no evidence for curative resection of
synchronous bone metastasis.
We think that for most patients with gastric cancer
with synchronous bone metastases, curative resection
is not an option, because the majority of bone meta
[4,13,14]
stases present as multiple lesions
and are located
at unresectable anatomic locations. The most common
location of bone metastasis in patients with stomach
cancer is the spine, followed by the pelvis and the ribs.
Hence, most patients with gastric cancer who develop
[15]
bone metastases complain of back pain . While there is
no established treatment regimen for bone metastasis,
[16,17]
radiation therapy is known to be effective
. In the
present case, bone metastasectomy was conducted as
a palliative therapy to alleviate back pain, because the
solitary bone metastasis in the spine was resectable.
Clinicopathologic features associated with bone
metastasis have not been fully established in the
[18]
literature thus far. Sudo et al
reported that bone
metastasis after surgery is observed mainly in cases of
cancers involving the upper third or middle third of the
stomach, which are associated with massive lymphatic
invasion and poorly differentiated adenocarcinoma.
In the present case, gastric cancer occurred in the
remnant stomach of a patient who had undergone
gastric ulcer surgery. Pathologic findings showed
poorly differentiated adenocarcinoma with massive
lymphovascular invasion. The mechanism by which
bone metastasis develops in patients with gastric
[19]
cancer is not known exactly, but York et al observed
that bone metastasis is most frequently seen in the
vertebral body. Based on the location, they suggested
the possibility of hematogenous spread through Batson’s
vertebral plexus, bypassing portal circulation.
Known factors associated with longer median
survival times for the patients with bone metastasis
include isolated bone metastasis, well differentiated
tumors, palliative chemotherapy and zoledronic acid
[20]
treatment . On the other hand, high-level LDH, CEA
or CA19-9, serum hypercalcemia, poor performance
status, and involvement of multiple bones are associated
[4,5,20]
with shorter survival times
. Usually, an increase
of serum alkaline phosphatase levels is observed in
[14,15]
45.3%-66.0% of patients with bone metastasis
. In
the present case, CEA, serum alkaline phosphatase and
serum calcium levels were within normal range.
In the majority of cases, gastric cancer with synch
ronous bone metastasis is unresectable, and prognosis
is usually very poor. In the present case, however, per
formance status was good, and the metastasis was
a solitary, resectable bone lesion. These factors and
aggressive palliative chemotherapy probably supported
long-term survival of the patient after surgery. There
fore, we hypothesize that gastrectomy plus meta
stasectomy may be an effective therapeutic option
for improving quality of life and survival in selected
patients with bone metastasis. Favorable factors,
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palliative chemotherapy, may be an effective therapeutic option for improving
survival in patients with resectable primary gastric cancer and bone metastasis.

such as resectable solitary bone lesions, good perfor
mance status and normal serum CEA levels, should be
utilized to stratify and select patients who will be good
candidates for surgery.
In conclusion, aggressive local therapy, including
gastrectomy with metastasectomy and palliative
chemotherapy, may be an effective therapeutic option
for improving survival in patients with resectable
primary gastric cancer and bone metastasis.
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A 28-year-old man presented with anemia symptoms
and intermittent tarry stool passage for three days.
No stigmata of hemorrhage were identified using
esophagogastroduodenoscopy, ileocolonoscopy, and
contrast-enhanced computed tomography. He then
developed massive tarry stool passage with profound
hypovolemic shock and hypoxic respiratory failure.
Emergent angiography revealed active bleeder,
probably from the jejunal branches of the superior
mesenteric artery, but embolization was not performed
due to possible subsequent extensive bowel ischemia.
His airway was secured via endotracheal intubation
with ventilator support, and emergent antegrade singleballoon enteroscopy was performed at 8 h after clinical
overt bleeding occurrence; the procedure revealed a
2-cm pulsating subepithelial tumor with a protruding
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blood plug at the distal jejunum. Laparoscopic se
gmental resection of the jejunum with end-to-end
anastomosis was performed after emergent endoscopic
tattooing localization. Pathological examination revealed
a vascular malformation in the submucosa with an
organizing thrombus. He was uneventfully discharged
5 d later. This case report highlights the benefit of early
deep enteroscopy for the treatment of small intestinal
bleeding.
Key words: Early endoscopy; Small intestine; Deep
enteroscopy; Device-assisted enteroscopy; Obscure
gastrointestinal bleeding; Vascular malformation
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We believe that emergent deep enteroscopy
performed with a secure airway and ventilator support
can efficiently identify the stigmata of hemorrhage in
clinical overt small intestinal bleeding and guide the
operative approach.

Figure 1 An active bleeder, probably from the jejunal branches, with
contrast extravasation into the bowel lumen was detected by emergent
angiography.

Chung CS, Chen KC, Chou YH, Chen KH. Emergent singleballoon enteroscopy for overt bleeding of small intestinal vascular
malformation. World J Gastroenterol 2018; 24(1): 157-160
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i1/157.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i1.157

symptoms for 3 d. Physical examination showed
pale conjunctiva and tachycardia (heart rate, 104
beats per min). Laboratory studies disclosed severe
anemia with a hemoglobin level of 5.2 g/dL (normal
range: 13-17 g/dL). Esophagogastroduodenoscopy,
ileocolonoscopy, and contrast-enhanced computed
tomography detected no evidence of the stigmata of
active hemorrhage but identified many blood clots in the
colon. He subsequently developed massive tarry stool
passage, shock, and hypoxic respiratory failure despite
aggressive blood transfusion resuscitation. Emergent
angiography revealed an active bleeder, probably from
the jejunal branches of superior mesenteric artery,
with contrast extravasation into bowel lumen (Figure 1,
arrow); however, embolization was not performed due
to the possibility of extensive bowel ischemia. He was
intubated with ventilator support and received emergent
antegrade single-balloon enteroscopy (SIF-Q260;
Olympus Medical systems, Tokyo, Japan) immediately
(at 8 h) after resuscitation, endotracheal intubation,
and angiographic localization for overt small intestinal
bleeding. The procedure revealed a 2-cm pulsating
subepithelial tumor with a protruding blood plug at the
distal jejunum (Figure 2). Endoscopic tattooing using
India ink was performed at 1 cm proximal to the lesion,
and laparoscopic segmental resection of jejunum (6 cm
in length) with end-to-end anastomosis was performed
after emergent endoscopic localization. Pathological
examination revealed a vascular malformation in the
submucosa with an organizing thrombus (Figure 3, HE;
original Magnification, 40 ×). His unstable hemodynamics
markedly improved, and he was discharged 5 d later
uneventfully.

INTRODUCTION
The small bowel (SB) has been considered as the
“dark continent” of gastrointestinal (GI) tract, and
the management of SB disease is always surgical
because of its inaccessibility via regular endoscopy. The
detection and management of SB bleeding remained
challenging to gastroenterologists until the introduction
[1-3]
of device-assisted enteroscopy (DAE)
. DAE has
been proposed as an efficient diagnostic tool (diagnostic
yield rate from 40.7%-87.3%) and safe therapeutic
(yield rate up to 48%) approach for the treatment of
[1,2,4-7]
bleeding from SB vascular lesions
. However, it
remains unknown whether the benefit provided by early
endoscopic intervention in SB bleeding is similar to that
provided by emergent esophagogastroduodenoscopy
[8]
and colonoscopy in upper and lower GI bleeding . We
herein report a case of profound SB bleeding from a
vascular malformation that was treated by laparoscopic
surgery after localization using preoperative emergent
deep enteroscopy.

CASE REPORT
A 28-year-old man without any underlying systemic
disease presented to our emergency department
with intermittent tarry stool passage and anemia

WJG|www.wjgnet.com

158

January 7, 2018|Volume 24|Issue 1|

Chung CS et al . Emergent enteroscopy for obscure GI bleeding

Figure 2 A 2-cm pulsating subepithelial tumor with a protruding blood
plug at the distal jejunum was detected by emergent enteroscopy.

Figure 3 Vascular malformation in the submucosa with organizing
thrombus in the jejunum.

DISCUSSION

in the emergent (within 24 h) enteroscopy group, but
early intervention may allow for earlier stabilization and
[8]
shorter hospital stays . In this case report of overt
bleeding from a vascular malformation in the jejunum,
timely identification of the SB bleeder and preoperative
localization was achieved using emergent singleballoon enteroscopy. Meanwhile, the approaching
route by deep enteroscopy can be decided by preendoscopic angiography which assists in identification
of bleeders with short endoscopy procedure time. The
patient was stabilized rapidly and discharged early after
laparoscopic segmental resection of the jejunal vascular
malformation.
In conclusion, we successfully treated a patient
with unstable hemodynamics due to overt bleeding
from an SB vascular malformation using emergent
preoperative deep enteroscopy. We conclude that
emergent DAE is more useful than other non-invasive
diagnostic modalities in the treatment of clinically overt
SB bleeding; however, additional prospective studies
evaluating this finding are warranted.

Emergent deep enteroscopy is useful for the early
diagnosis of small-bowel bleeding and preoperative
localization of overt bleeding from small intestinal
vascular malformations.
Great advents have been made in the field of
GI endoscopy over the past several decades, and
endoscopists have mastered the art of flexible video
endoscopy for the diagnosis and treatment of upper
and lower GI tract disorders. However, an endoscopic
approach to the SB remains challenging because of its
length and deep indwelling position in the intraperitoneal
th
cavity. In the 20 century, thorough evaluation of the
SB became possible with the development of video
[1,3]
capsule endoscopy (VCE) and DAE . Although VCE
has been recommended as the first-line investigation
for SB bleeding, DAE still has an advantage over VCE
for the histopathological confirmation of SB lesions and
[2,3]
endoscopic hemostasis . With regard to the source
of SB bleeding, vascular lesions are the most common
stigmata of hemorrhage, and DAE endotherapy has
been considered as an efficient and safe treatment
[9-12]
strategy
. Additionally, the rebleeding rate of SB
vascular lesions is not low, especially in the elderly
among individuals with active bleeding (identified
by endoscopy), a history of aortic stenosis, or those
in whom the bleeding source was angioectasia; the
management of rebleeding using repeated endother
[9,10]
apy has favorable outcomes
. Among SB vascular
lesions, arteriovenous malformation bleeding can be
life-threatening; hence, prompt identification and
[13-16]
timely intervention are very important
. Although
non-invasive radiological imaging or VCE is useful
for the diagnosis of SB vascular lesions, lesions of
smaller size or with intermittent bleeding can still be
missed; meanwhile, early endoscopic intervention can
[14-16]
be less problematic
. Nevertheless, there is scarce
data regarding the timing of emergent DAE for SB
bleeding. A retrospective cohort study of single-balloon
enteroscopy for the management of SB bleeding did
not observe a greater diagnostic or therapeutic yield

WJG|www.wjgnet.com

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Case characteristics

A young man presenting massive tarry stool passage with unstable
hemodynamics.

Clinical diagnosis

Overt small intestinal bleeding.

Differential diagnosis

Vascular lesions of small intestine, Meckel’s diverticulum.

Laboratory diagnosis
Severe anemia.

Imaging diagnosis

An active bleeder, probably from the jejunal branches, with contrast extra
vasation into the bowel lumen was detected by emergent angiography.

Pathological diagnosis

Vascular malformation in the submucosa with organizing thrombus in the
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jejunum.
7

Treatment

Laparoscopic small intestinal resection after localization of bleeder by emergent
single-balloon enteroscopy.

Related reports

Early endoscopic intervention may allow for earlier stabilization and shorter
hospital stays.

8

Experiences and lessons

9

Emergent DAE is more useful than other non-invasive diagnostic modalities in
the treatment of clinically overt small intestinal bleeding.

10
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Drug-eluting beads transarterial chemoembolization for
hepatocellular carcinoma: Current state of the art
Antonio Facciorusso

Abstract

Antonio Facciorusso, Gastroenterology Unit, Department of
Medical Sciences, University of Foggia, Foggia 71122, Italy

Transarterial chemoembolization (TACE) represents
the current gold standard for hepatocellular carcinoma
(HCC) patients in intermediate stage. Conventional
TACE (cTACE) is performed with the injection of an
emulsion of a chemotherapeutic drug with lipiodol into
the artery feeding the tumoral nodules, followed by
embolization of the same vessel to obtain a synergistic
effect of drug cytotoxic activity and ischemia. Aim of
this review is to summarize the main characteristics of
drug-eluting beads (DEB)-TACE and the clinical results
reported so far in the literature. A literature search
was conducted using PubMed until June 2017. In order
to overcome the drawbacks of cTACE, namely lack
of standardization and unpredictability of outcomes,
non-absorbable embolic microspheres charged with
cytotoxic agents (DEBs) have been developed. DEBs
are able to simultaneously exert both the therapeutic
components of TACE, either drug-carrier function
and embolization, unlike cTACE in which applying
the embolic agent is a second moment after drug
injection. This way, risk of systemic drug release is
minimal due to both high-affinity carrier activity of
DEBs and absence of a time interval between injection
and embolization. However, despite promising results
of preliminary studies, clear evidence of superiority
of DEB-TACE over cTACE is still lacking. A number of
novel technical devices are actually in development
in the field of loco-regional treatments for HCC, but
only a few of them have entered the clinical arena. In
absence of well-designed randomized-controlled trials,
the decision on whether use DEB-TACE or cTACE is still
controversial.
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INDICATIONS AND SAFETY

Core tip: Aim of this review is to summarize the main
characteristics and the clinical results of drug-eluting
beads (DEB)-transarterial chemoembolization (TACE).
To obviate to the limitations of cTACE, non-absorbable
embolic microspheres charged with cytotoxic agents
(DEBs) have been developed. DEBs are able to
simultaneously exert both the therapeutic components
of TACE, either drug-carrier function and embolization.
This way, risk of systemic drug release is minimal.
However, despite promising results of preliminary
studies, clear evidence of superiority of DEB-TACE
over cTACE is still lacking. In absence of well-designed
randomized-controlled trials, the decision on whether
use DEB-TACE or cTACE is still controversial.

Current guidelines consider as optimal candidates to
TACE patients with preserved liver function, namely
under or equal to Child-Pugh (CP) B7 stage without
ascites in accordance with European Association for
[2]
the Study of the Liver (EASL) guidelines or CP A
stage according to American Association for the Study
[1]
of Liver Diseases (AASLD) guidelines .
Table 1 reports main absolute and relative con
traindications to TACE.
Despite decompensated cirrhosis is commonly
considered an absolute contraindication to TACE, some
authors still consider chemoembolization as an option
[3]
in cases of impaired portal blood flow .
Indeed, both EASL and AASLD guidelines strongly
stand against use of TACE in PVT patients (defined
as “advanced” according to BCLC staging system)
because of the considerably increased risk of liver
failure and consider sorafenib as the only validated
option in attendance of definitive results of transarterial
[8-10]
radioembolization (TARE) in such patients
.
However, survival benefit of TACE over Best Supportive
Care (BSC) has been observed in some small Asian
RCTs and in a recent meta-analysis of 8 studies (of
which 3 prospective) conducted in advanced HCC
[11-13]
patients with PVT
. However, these results should
be interpreted with caution since subjects with better
liver function were preferably recruited in the TACE
group while decompensated patients tended to
be treated with BSC. The only published head-tohead comparison between TACE and sorafenib is a
retrospective Austrian study which reported similar
survival outcomes with a very competitive role of TACE
in selected advanced patients (CP A and segmental
PVT), as further confirmed in other observational
[14,15]
studies
. By the way, the same selection bias can
be detected in the Austrian study since thrombosis
of the main trunk of portal vein (at more dismal
prognosis) was more frequently observed in patients
treated with sorafenib than in those who underwent
TACE (25% vs 3%), thus claiming for great caution in
interpreting this finding, and significantly higher severe
adverse event (SAE) rate was experienced by TACE
[14]
patients .
Hence, TACE may represent a valuable option for
a specific subset of BCLC C patients (segmental PVT
and CP A) who do not have access or are intolerant/
unsuitable to sorafenib or TARE, however safety
could represent an issue in these subjects and this
therapeutic opportunity should be limited to highly[3]
experienced centers .
Experts suggest also high tumor burden with
massive replacing of both hepatic lobes as other
absolute contraindication, whereas huge tumor nodule
≥ 10 cm, bile-duct occlusion, and untreated high-risk
varices constitute relative contraindication rather than

Facciorusso A. Drug-eluting beads transarterial chemoem
bolization for hepatocellular carcinoma: Current state of the art.
World J Gastroenterol 2018; 24(2): 161-169 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i2/161.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i2.161

INTRODUCTION
Transarterial chemoembolization (TACE) constitutes
the gold standard for patients in intermediate stage
according to the Barcelona Clinic Liver Cancer (BCLC)
staging system, specifically those presenting with large
or multifocal hepatocellular carcinoma (HCC) with
preserved liver function, deteriorated performance
status, and neoplastic portal vein thrombosis (PVT)
[1,2]
or extrahepatic metastases
. By the way, TACE
may constitute a valuable therapy also in early stage
patients unsuitable to curative treatments, such as
hepatic resection, liver transplantation (LT) or ablative
[3]
therapy . TACE is performed through the injection
of a chemotherapeutic drug (mainly doxorubicin or
cisplatin) selectively into the artery feeding the target
tumoral nodules, followed by embolization of the same
vessel to obtain a synergistic effect of either cytotoxic
[4]
activity and ischemia . Injection should be continued
until the contrast column clears within 2-5 heartbeats
(so called “near stasis”) and a number of different
embolic agents may be used (see below) to avoid drug
[5]
release into the systemic circulation .
The different post-treatment outcomes are probably
due to the fact that TACE is a not well standardized
procedure widely varying as for chemotherapeutic
agents injected, treatment devices used and therapeutic
schedule. In fact, overall survival (OS) of patients
treated with TACE ranges from 3.4 up to beyond 40 mo
[6]
(median 16.5 mo ). The best survival median reported
is 48 mo in a series recently published by the Barcelona
[7]
group .
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and necrosis, on the other hand whether adding a local
chemotherapeutic agent could determine a synergistic
[3,24]
anti-tumor effect is still matter of debate
.
A landmark RCT conducted in early 2000s comparing
cTACE, TAE and BSC was prematurely terminated
because such was the superiority of cTACE over BSC
[25]
that keeping enrolling patients resulted unethical .
Unfortunately, this prevented the possibility to verify
the competitive efficacy of TAE and only a comparable
[25]
trend in OS with respect to TACE could be observed .
Similarly, no difference in terms of survival rates and
safety was reported in another important multicentric
[26]
American RCT published this year . However, positive
results by adding doxorubicin to drug-eluting bead
(DEB)-TACE over bland embolization has been recently
[27]
found in a Greek trial
and in a retrospective Italian
report assessing as primary endpoint the degree of
[28]
necrosis in explanted livers during OLT .
To make even more complicated this matter, there
is no univocal agreement on the optimal chemotherapy
to use in TACE. Worldwide, the most commonly used
agent is doxorubicin administered at a dose ranging
2
[3,5]
from 30 to 75 mg/m (to a maximum of 150 mg) .
However, robust data provided by properly conducted
RCTs are needed in order to deliver definitive
indications in this regard.

Table 1 Absolute and relative contraindications to transarterial
chemoembolization
Contraindications
Absolute contraindications

Relative contraindications

Decompensated cirrhosis
(Child-Pugh ≥ B8)
Extensive tumor with massive replacement
of both entire lobes
Severely reduced portal vein flow
Technical impediments to hepatic intraarterial treatment
Kidney failure
Severe cardiopulmonary comorbidities
Tumor size ≥ 10 cm
Untreated varices at high risk of bleeding
Bile-duct occlusion

[6]

absolute ones .
A considerable number of patients treated with
conventional TACE (cTACE) experience a transient
episode of post-embolization syndrome (characterized
by abdominal pain, fever and nausea), reported in
[16,17]
35% up to 100% of cases
. Treatment-related
deaths are observed in ≤ 2% of cases if proper
[3,18]
selection of candidates is adopted
.
Hence, according to current guidelines, TACE
represents a safe treatment in selected subjects.

DEVELOPMENT OF DEB-TACE AND
TECHNICAL ASPECTS

TREATMENT SCHEDULE
A single cycle of TACE is usually insufficient for
effective treatment of intermediate-stage HCC and
repeating TACE is widely recognized to prolong OS;
however, guidelines do not specify the criteria for
treatment repetition and current clinical practice relies
only on expert opinions which suggest “on-demand”
TACE (i.e., number of sessions on the basis of tumor
response after each TACE cycle) up to 3 to 4 times
per year and switching to other therapeutic options in
[6,19]
absence of response to at least 2 sessions
.
As a consequence of the lack of sturdy and
definitive data, there is great heterogeneity in applying
TACE repetition in the common clinical practice,
although a systematic review of observational and
randomized trials reported a mean number of TACE
[20]
sessions worldwide of 2.5 ± 1.5 per patient .
Many prognostic systems have been proposed to
help the clinician in selecting appropriate candidates for
starting or repeating TACE, but none of them achieved
[21-23]
an universal validation mainly due to overfitting
.

Despite its well-proved efficacy and superiority over
BSC, cTACE presents several unsolved issues. In fact,
although lipiodol acts as a carrier of doxorubicin to
the target nodules, release of the injected drug into
systemic circulation has been demonstrated maybe
due to the non-concomitant embolization, thus allowing
release of a certain amount of doxorubicin in the
[29]
interval time between injection and embolization .
Other important limitation of cTACE is the lack of
standardization as the injected particles are prepared
extemporaneously, therefore is operator-dependent (not
[3,29]
standardized) and unstable
.
The optimal procedure should be able to selectively
deliver the injected chemotherapeutic into the target
tumor where the drug should be retained with no
[3]
passage into blood stream to avoid systemic toxicity .
In order to obviate to the aforementioned limitations
of conventional TACE, non-absorbable embolic
microspheres charged with cytotoxic agents (DEBs)
have been developed.
DEBs are composed of a hydrophilic, ionic polymer
that can bind anthracyclines via an ion exchange
mechanism. The drug is usually loaded into DEBs
prior to the TACE procedure creating a solution at a
pre-defined concentration and then merging it into a
vial with a slurry of DC Bead from which the packing
[30]
solution has been removed . The drug takes from
30 min to 2 h (depending on bead size) to be loaded

USEFULNESS OF DRUG INJECTION
Robust data in favor of a clear superiority of TACE (with
chemotherapy injection) over TAE (bland embolization)
[24]
is still lacking .
In fact, while the well-known hypervascularization
of HCC nodules provides the rationale for the occlusion
by embolic particles which results in tumour hypoxia
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with small beads loading faster because of surface
area effects. The maximum drug loading capacity is
determined by the quantity of drug-binding sites in
the beads, thus being the maximum dose dependent
[30,31]
on drug molecular mass
. This is why a group of
experts in the field has suggested in a recent review
a dosage of 75 mg doxorubicin loaded into one vial of
DC Bead for disease within the Milan criteria and up to
150 mg doxorubicin loaded into two vials of DC Bead
[5]
in the case of Milan-out patients .
DEBs are able to simultaneously exert both the
therapeutic components of TACE, either drug-carrier
function and embolization, unlike cTACE in which
applying the embolic agent is a second moment after
drug injection. This way, risk of systemic drug release
is minimal due to both high-affinity carrier activity of
DEBs and absence of a time interval between injection
and embolization.
An in vitro analysis showed that DEB spheres could
be easily loaded with doxorubicin way better than other
[32]
commercial embolic microspheres . Furthermore,
drug loading led to a decrease in the average size of
the beads in function of the bead size and drug dose
[32]
. Interestingly, the same study calculated half-lives
of drug-elution of 150 h for the 100-300-mc range to
a maximum of 1730 h for the 700-900-mc size range
while there was a fast release of the chemotherapeutic
agent from the unstable Lipiodol emulsion with a half[32]
life of approximately 1 h . Authors then concluded
that DEBs lead to an accurate dosage of drug per unit
volume of beads and drug release is predictable and
sustained, unlike Lipiodol. In addition to all of these
advantages, beads are easy to handle and to deliver
thus making them a valuable option for superselective
[32]
TACE .
Plasma concentration of doxorubicin resulted very
low (0.009-0.05 mmol/L at different consecutive timepoints) after DEB-TACE in an in-animal study conducted
in a rabbit model, suggesting considerable doxorubicin
[33]
retention into the tumor . This was significantly
lower (70%-85% decrease in plasma concentration)
than control animals treated with doxorubicin intra[33]
arterially . Of note, doxorubicin concentration into the
nodule had a peak at 3 d (413.5 nmol/g), remaining
high to 7 d (116.7 nmol/g) and then declining at 14 d
(41.76 nmol/g), indicating continuous release of the
[33]
drug from the microparticles . As a consequence
of this slower release of doxorubicin, maximal tumor
necrosis was observed at 7 d, with limited local
[33]
complications .
In vivo demonstration of the aforementioned
strengths of DEBs has been provided by a French
study conducted in 6 HCC patients who had undergone
[34]
DEB-TACE before OLT . Doxorubicin was detected
on the explanted livers in an area of at least 1.2
mm in diameter around the occluded vessel. The
tissue concentration of drug ranged from 5 μmol/L
[34]
at 8 h to 0.65 μmol/L at 1 mo . Necrotic tissue was
characterized by a more profound penetration and a
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higher concentration of the drug than non necrotized
areas. Authors concluded that DEBs provide a
sustained delivery of drug for a period of 1 mo and
local tissue concentrations above cytotoxic into the
[34]
target nodules .
The first clinical study reporting the efficacy of
DEB-TACE was a phase II study by the Barcelona
[35]
group . In this pivotal paper conducted on 27 CP A
HCC treated with DEB-TACE (500-700 µm particles),
objective response rate (ORR) was 66.6% (of which
26% complete responses) after two consecutive
[35]
sessions performed 2 mo apart . Doxorubicin
maximal concentration (Cmax) and area under the
curve were considerable inferior in DEB-TACE patients
in comparison with a previous cohort of cTACE
[35]
patients (P = 0.00002 and P = 0.001, respectively) .
Moreover, SAE rate was very low with only two cases
[35]
of liver abscesses experienced by treated patients .
[36]
These findings were reproduced by Poon et al
with the maximal dose of doxorubicin (150 mg).
Noteworthy, no patients in both studies experienced
doxorubicin-related systemic adverse events (alopecia,
bone marrow toxicity, dyspnea or pulmonary em
[35,36]
bolism)
.
[32,37]
In light of the aforementioned in-animal studies
,
100-300 µm beads became the most frequently used
[5]
particles and are still actually recommended .
In early 2010s, two retrospective European studies
reported striking survival results in unresectable
HCC patients treated with 100-300 µm DEB-TACE,
[38]
particularly 43.8 mo in a Greek series
and 48
[7]
mo of median OS in the Barcelona group’s article .
These findings, really of note considering that TACE
represents only a palliative therapy, paved the way to
a wide use of DEB-TACE in the clinical practice.

COMPARATIVE EFFECTIVENESS OF DEBTACE AND cTACE
In spite of the interesting findings of the aforementioned
[35,36]
studies
, data on comparative efficacy between
cTACE and DEB TACE is still matter of debate. In fact,
the 4 comparative RCTs and several retrospective
studies report conflicting results.
The PRECISION V trial, a broad multicentric RCT
published in 2010, enrolled 212 patients (75% BCLC
B, 25% A; 80% CP A, 20% B) treated at 2-monthly
intervals according a pre-defined schedule up to a
[39,40]
maximum of three sessions
. Higher complete
response, objective response, and disease control rates
were registered in the DEB-TACE group (300-500 and
500-700 µm) as compared to cTACE (27% vs 22%,
52% vs 44%, and 63% vs 52%, respectively) but
the hypothesis of superiority was not supported (one[40]
sided P = 0.11) . Primary endpoint (tumor response)
was reached only in the subgroup of more advanced
patients, namely those CP B, Eastern Cooperative
Oncology Group (ECOG), bilobar and recurrent disease,
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Table 2 Clinical studies comparing drug-eluting beads and conventional transarterial chemombolization
Study
Lammer et al[40] 2010
Song et al[43] 2012
Sacco et al[41] 2011
Van Malenstein et al[44] 2011
Golfieri et al[42] 2014
Ferrer et al[45] 2011
Dhanasekaran et al[46] 2010
Wiggermann et al[47] 2011
Recchia et al[48] 2012
Facciorusso et al[49] 2015
Arabi et al[50] 2015
Kloeckner et al[51] 2015
Megias et al[52] 2015
Liu et al[53] 2015
Scartozzi et al[54] 2010

Arm

Sample size

Study design

Region

DEB-TACE
cTACE
DEB-TACE
cTACE
DEB-TACE
cTACE
DEB-TACE
cTACE
DEB-TACE
cTACE
DEB-TACE
cTACE
DEB-TACE
cTACE
DEB-TACE
cTACE
DEB-TACE
cTACE
DEB-TACE
cTACE
DEB-TACE
cTACE
DEB-TACE
cTACE
DEB-TACE
cTACE
DEB-TACE
cTACE
DEB-TACE
cTACE

93
108
60
69
33
34
16
14
89
88
47
25
45
26
22
22
35
70
145
104
35
19
76
174
30
30
53
64
64
87

RCT

Europe

R

South Korea

RCT

Italy

RCT

Belgium

RCT

Italy

P

Spain

R

United States

R

Germany

P

Italy

R

Italy

R

Saudi Arabia

R

Germany

R

Spain

R

Taiwan

R

Italy

CP
(A/B/C)
77/16/0
89/19/0
56/4/0
62/6/0
29/4/0
25/9/0
14/2/0
14/0/0
75/14/0
77/11/0
NA
NA
11/12/2022
11/4/2011
22/0/0
22/0/0
NA
NA
129/16/0
93/11/0
24/11/0
17/2/0
51/22/3
103/64/7
46.7%a
63.3%a
53/0/0
64/0/0
57.1%a
58.6%a

BCLC
(A/B/C)
24/69/0
29/79/0
27/33/0
28/41/0
22/11/0
22/12/0
9/5/2002
10/3/2001
41/26/22
41/23/24
NA
NA
NA
NA
1/17/3
4/15/2
NA
NA
58/81/6
41/63/0
NA
NA
8/34/34
30/59/85
NA
0/53/0
6/58/0
NA

1-yr survival
NA
88%
67%
94.10%
90%
NA
86.20%
83.50%
88%
90%
58%
31%
70%
55%
63.40%
49.30%
85%
92%
72.70%
74.50%
45%
52%
68%
58%
NA
74%
93%

Percentage of CP A patients. CP: Child-Pugh; BCLC: Barcelona clinic liver cancer; DEB-TACE: Drug-eluting beads transarterial chemoembolization; cTACE:
Conventional transarterial chemoembolization; RCT: Randomized controlled trial; P: Prospective non-randomized study; R: Retrospective study, aP < 0.05.

[40]

median TTP (9 mo in both treatment groups, P = 0.766)
nor in 2-year survival rate (primary endpoint: 55.4%
after cTACE and 56.8% after DEB-TACE, P = 0.949)
was observed, hence the decision to prematurely stop
the trial because the primary endpoint would have not
[42]
been met . Unlike the PRECISION trial, there was no
[42]
significant difference in the incidence of AEs .
Retrospective studies reported discordant results,
with only a single outlier Korean series clearly in favor of
[43]
DEB-TACE .
Table 2 reports clinical studies comparing DEB-TACE
[40-54]
and cTACE published so far
.
A recent meta-analysis of 12 studies (4 RCTs and
8 observational) performed by my group reported
similar pooled odds ratios of survival rate at 1, 2 and
3 years with a decreasing trend in favor of DEB-TACE
[55]
(0.76, 0.68 and 0.57, respectively) . This result was
mainly determined by the difference in follow-up length
between the two treatment groups in the retrospective
reports since DEB-TACE patients, being DEBs recently
introduced in the clinical practice, reported more
frequent censored data and more limited absolute
[55]
number of deaths . In order to partially obviate to
this bias, we plotted relative hazard ratios which are
less sensitive to follow-up time bias and final result
was a ratio close to 1 with no difference between the

where DEB-TACE outperformed cTACE . The sole
result clearly in favor of DEB-TACE was a better safety
profile with significant decrease in serious liver-related
adverse events (P < 0.001) and systemic side effects
(particularly alopecia) (P = 0.0001), while the incidence
of post embolization syndrome was comparable in the
[40]
treatment groups . Unfortunately, the short followup time prevented assessment of OS and Time-toProgression (TTP).
Two Italian RCTs failed to find any significant
difference in tumor response and survival between
[41,42]
the two TACE regimens
. In particular, the broad
PRECISION ITALIA trial, a multicentre, RCT comparing
“on demand” cTACE (with epirubicin injection) and DEBTACE (100-300 µm loaded with 50 mg of doxorubicin),
was stopped for futility at the second interim analysis
when only 83% of the original planned sample size
[42]
had been enrolled . Of note, 46 (26%) patients were
classified as BCLC C due to ECOG-1 status. Tumor
response was similar between the two groups with the
only difference registered as for complete response at 1
mo which resulted significantly higher after cTACE likely
due to the lipiodol “staining” effect on CT-scan. In fact,
at successive response assessments in concomitance
with lipiodol discharge from the target nodule, this
[42]
difference disappeared . No difference neither in
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[55]

two groups and low evidence of heterogeneity . In
particular, when restricting the analysis to only RCTs,
the efficacy between the two techniques was absolutely
[55]
comparable .
Our findings updated those of previous metaanalyses which had concluded that DEB-TACE is
superior to cTACE as for objective response; by the way,
these systematic reviews included a limited number
of studies and were underpowered to properly explore
the sources of the high heterogeneity found in their
[56,57]
results
. Instead, no difference concerning neither
tumor response nor safety profile was found in our
meta-analysis which is in keeping with another recent
[58]
systematic review .
In conclusion, as clearly stated in the editorial to
this paper, no evidence enough to support the current
[59]
extensive use of DEB-TACE exists . The same editorial,
commenting a cost-effective analysis published by
[60]
the Bologna group , stated that the suggested costeffectiveness advantage of DEB-TACE requires further
trials conducted in countries other than Italy and with
[59]
standardized procedures and clinical settings .

HepaSphere microspheres 30-60 μm (Biosphere®,
Merit, United States) constitute another promising device.
HepaSphere 30-60 μmol/L is a new size of a loadable
microsphere that has a dry caliber of 30-60 μmol/L
that expands to 166-242 (197 ± 31) μmol/L in saline
and 145-213 (148 ± 45) μmol/L after loading with
[67]
doxorubicin . In addition, doxorubicin was found to be
released by the beads over 1 mo after TACE. Moreover,
the concentration of doxorubicin in the treated tissue
[67,68]
was high with very low plasma levels of the drug
.
A recent Greek study enrolling 45 patients treated
with HepaSphere microspheres 30-60 μmol/L found a
complete response rate of 22.2% for the target lesions
[69]
and ORR of 68.9% . No patient died in the first year
[69]
after TACE and no SAE was registered .
By the way, in absence of RCTs comparing these
novel microspheres, no definitive indication can be
released on which DEB should be used in the common
clinical practice, and the decision still relies on local
expertise or availability of device.

CONCLUSION
A number of novel technical devices are actually in
development in the field of loco-regional treatments
[70,71]
for HCC
, but only a few of them have entered
the clinical arena. Beside the lack of RCTs, many
other issues remain unsolved, such as understanding
the real balance between the two components of
the therapy (i.e., ischemia and cytotoxicity), further
defining the several steps of hepatocarcinogenesis
which could be targeted by combined pharmacological
[72-75]
and interventional therapy
, and identifying reliable
prognostic markers in order to deliver a more precise
oncology in patients really amenable of loco-regional
[76,77]
treatments
.

LATEST ADVANCEMENTS IN
THE FIELD OF TRANSARTERIAL
CHEMOEMBOLIZATION
Although a clear evidence of the superiority of DEBTACE is still lacking, novel beads have been recently
developed and clinically tested. As previously described,
small microparticles have been found to determine
necrosis of the target lesion as they lead to a more
distal embolization, thus also obstructing collateral
[32,36,37]
vessels
. Some concerns have been initially raised
on the potential extrahepatic toxicity of these microparticles due to the theoretical risk of their extrahepatic
[61,62]
passage via collateral small vessels
, but successive
clinical reports have debunked this issue since smaller
particles have been proved as safe if not more than
[63-65]
conventional 100-300 µm and 300-500 μm
. In fact,
Larger particles results in more proximal embolization
and consequently in broader area of ischemia, thus
increasing the risk of liver damage.
An Italian prospective series from Milan showed
®
interesting results with DEBs 70-150 μm (M1 , BTG,
[66]
United Kingdom) . In this study conducted on 45 HCC
early/intermediate patients, complete response was
achieved in one third of them (33.3%) whereas other
20 (44.4%) reached partial response, accounting for a
[66]
77.7% ORR . The histological analysis of 28 nodules
in 13 explanted livers showed 100% necrosis (complete
pathologic necrosis) in 7 cases and 90%-99% necrosis
[66]
in 3 cases . Noteworthy, only one SAE (grade
3) was reported, namely a case of bleeding from
esophageal varices caused by the worsening of the
[66]
portal hypertension . These findings have been later
[64,65]
confirmed in other retrospective studies
.
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Abstract
AIM
To study the molecular effects of three different
D-vitamins, vitamin D2, vitamin D3 and calcipotriol, in
pancreatic stellate cells (PSCs).
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METHODS
Quiescent PSCs were isolated from mouse pancreas and
activated in vitro by seeding on plastic surfaces. The
cells were exposed to D-vitamins as primary cultures
(early-activated PSCs) and upon re-culturing (fullyactivated cells). Exhibition of vitamin A-containing lipid
droplets was visualized by oil-red staining. Expression
of α-smooth muscle actin (α-SMA), a marker of PSC
activation, was monitored by immunofluorescence
and immunoblot analysis. The rate of DNA synthesis
was quantified by 5-bromo-2’-deoxyuridine (BrdU)
incorporation assays. Real-time PCR was employed
to monitor gene expression, and protein levels of
interleukin-6 (IL-6) were measured by ELISA. Uptake of
18
proline was determined using F-proline.
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RESULTS
Sustained culture of originally quiescent PSCs induced
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cell proliferation, loss of lipid droplets and exhibition of
stress fibers, indicating cell activation. When added to
PSCs in primary culture, all three D-vitamins diminished
expression of α-SMA (to 32%-39% of the level of
control cells; P < 0.05) and increased the storage of lipids
(scores from 1.97-2.15 on a scale from 0-3; controls:
1.49; P < 0.05). No such effects were observed when
D‑vitamins were added to fully-activated cells, while
incorporation of BrdU remained unaffected under both
experimental conditions. Treatment of re-cultured PSCs
with D‑vitamins was associated with lower expression
of IL-6 (-42% to -49%; P < 0.05; also confirmed at the
protein level) and increased expression of the vitamin
D receptor gene (209%-321% vs controls; P < 0.05).
There was no effect of D‑vitamins on the expression of
transforming growth factor-β1 and collagen type 1 (chain
α1). The lowest uptake of proline, a main component of
collagen, was observed in calcipotriol-treated PSCs.

as well as intracellular regulators of PSC function have
[1]
been studied in great detail (reported by Erkan et al ).
In the healthy pancreas, PSCs exist in a quiescent state
and are phenotypically characterized by the presence
of abundant vitamin A-containing lipid droplets in their
[2,3]
cytoplasm . In response to mitogens (such as plateletderived growth factor) and profibrogenic mediators
(e.g., transforming growth factor-β1), PSCs undergo
an activation process that involves cell proliferation and
[4]
an enhanced synthesis of ECM proteins . The cells also
lose their vitamin A storages and exhibit stress fibers
containing α‑smooth muscle actin (α-SMA) protein.
In vitro, contact of PSCs with plastic surfaces induces
phenotypic changes that mimic the activation process
[2,3]
under in vivo conditions .
In the past years, it has become clear that PSCs
play an active and complex role in the progression of
pancreatic cancer (PC), a stroma-rich tumor with the
[5-8]
worst prognosis of all common human malignancies .
Most recent publications in the field have shifted the
main focus of attention from a stroma deletion, which
even displayed deleterious effects in experimental
[9,10]
models of PC
, towards a modulation of the stroma
response, with the aim to interrupt tumor-promoting
interactions between PSCs and PC cells on one hand
while preserving the barrier function of the stroma
[11]
on the other hand . In this regard, vitamin D and
its receptor VDR have gained significant interest as
master regulators of PSC function and mediators
of a transcriptional reprogramming of the tumor
stroma that enable an enhanced chemotherapeutic
[12]
response . Recently, suppression of cell proliferation
and inhibition of ECM synthesis have been proposed as
[13]
important mechanisms of vitamin D action in PSCs .
Nevertheless, to this end the precise molecular actions
of vitamin D in stellate cells are not fully understood.
Furthermore, relative efficiencies of different vitamin D
derivatives have not been studied yet.
Here, we have compared the effects of vitamin D2,
vitamin D3 and the synthetic vitamin D3 derivative
calcipotriol on primary cultures of originally quiescent
PSC as well as on fully-activated re-cultured cells.
All D-vitamins inhibited PSC activation, but did not
reverse the phenotype once the cells were fully
activated. Interleukin-6 (IL-6) was identified as an
important target of vitamin D action. Although the
three D-vitamins displayed slightly different molecular
effects in our studies, their general efficiency was
found to be similar.

CONCLUSION
The three D-vitamins inhibit, with similar efficiencies,
activation of PSCs in vitro , but cannot reverse the
phenotype once the cells are fully activated.
Key words: Pancreatic stellate cells; Fibrosis; Vitamin
D2; Vitamin D3; Calcipotriol
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Modulation of the stroma response by
vitamin D has been suggested as a concept to treat
chronic pancreatitis and pancreatic cancer. Here we
show that three derivatives, vitamin D2, vitamin D3
and calcipotriol, with similar efficiencies prevented
pancreatic stellate cell (PSC) activation in vitro . Once
the cells were fully activated, vitamin D failed to induce
a reversal of the myofibroblastic phenotype, but still
exerted antifibrotic effects by diminishing the uptake
of proline and secretion of interleukin-6, an autocrine
mediator of PSC activation. Our findings encourage
further studies on the potential of vitamin D derivatives
as antifibrotic drugs.
Wallbaum P, Rohde S, Ehlers L, Lange F, Hohn A, Bergner C,
Schwarzenböck SM, Krause BJ, Jaster R. Antifibrogenic effects
of vitamin D derivatives on mouse pancreatic stellate cells. World
J Gastroenterol 2018; 24(2): 170-178 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i2/170.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i2.170

MATERIALS AND METHODS

INTRODUCTION

Cell culture

Pancreatic stellate cells (PSCs) were identified as the
main source of extracellular matrix (ECM) proteins in
the diseased pancreas, specifically in the context of
cancer and chronic pancreatitis (CP), two decades ago.
Since then, cellular interactions of PSCs and extracellular
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Quiescent PSCs were isolated from the pancreas of
healthy C57BL/6 mice (approximately 3 months old) by
®
collagenase digestion followed by Nycodenz (Nycomed,
[14]
Oslo, Norway) density gradient centrifugation .
Afterwards, they were resuspended in cryopreservation
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[17]

medium [fetal calf serum (FCS) supplemented with
10% dimethyl sulfoxide) and stored at -150 ℃ until
[15]
required as previously described . After thawing,
the cells were cultured in Iscove’s modified Dulbecco’
s medium supplemented with 17% FCS, 1% nonessential amino acids (dilution of a 100 × stock
5
solution), 10 U/L penicillin and 100 mg/L streptomycin
(all reagents from Merck Millipore, Darmstadt,
Germany). Approximately on day 3 of primary culture,
PSCs started to proliferate and reached subconfluency
around day 8. Afterwards, the cells were harvested
by trypsinization and re-cultured according to the
experimental requirements.

United States) were used as described before . Signal
intensities were quantified by means of the Image
Studio Lite Version 5.2, and normalized to GAPDH by
calculating the ratio α‑SMA/GAPDH.

Immunofluorescence detection of α-SMA

Quiescent PSCs or cells of the first passage were seeded
onto glass coverslips and allowed to adhere overnight
before they were exposed to D-vitamins at 100 nmol/L.
After the indicated periods of time, the cells were fixed
with ice-cold methanol, followed by staining of the
DNA with 4’,6-diamidino-2-phenylindole. Next, the cells
were incubated with a mouse monoclonal antibody to
α-SMA (#A2547; Sigma-Aldrich). Antibody binding was
determined by a fluorescein-labelled goat anti-mouse
IgG (MoBiTec, Göttingen, Germany) and visualized
employing a fluorescence microscope (Leica DFC320,
Leica Microsystems, Wetzlar, Germany). For further
evaluation, α‑SMA expression in PSCs and organization
of the protein in stress fibers were assessed in a
semiquantitative manner, using a scoring system as
[18]
previously established . Therefore, blinded samples
were scored by two independent investigators on a
scale from 0 (low or undetectable α-SMA expression;
absence of stress fibers) to 3 (high expression levels;
extensive stress fiber bundles).

Histochemical staining of intracellular fat

PSCs were grown on glass coverslips as primary
cultures or cells of the first passage for the indicated
periods of time. Subsequently, they were fixed for
30 min in 2.5% paraformaldehyde, and intracellular
fat droplets were visualized by oil red O staining
[16]
as described before . Briefly, the coverslips were
incubated with dye solution [three parts of an oil red
O stock solution (1% wt/vol dissolved in isopropanol,
mixed with two parts of distilled water)] for 15 min
followed by counterstaining with Mayer’s hemalum
solution (Merck Millipore). The samples were evaluated
by light microscopy and assessed, in a blinded manner,
by two independent investigators on a semiquantitative
scale from 0 (absence of lipid droplets) to 3 (large and
numerous lipid droplets).

Quantitative reverse transcriptase-PCR using real-time
TaqManTM technology

PSCs of passage 1 were grown in 12-well plates and
treated as indicated, before total RNA was isolated
with TriFast reagent (PEQLAB Biotechnologie, Erlangen,
Germany). Unless indicated otherwise, reagents from
Thermo Fisher Scientific (Karlsruhe, Germany) were
used for all subsequent procedures. Traces of genomic
DNA were removed employing the DNA-free kit, and
250 ng of RNA per sample was reverse transcribed
TM
into cDNA by means of TaqMan Reverse Transcription
Reagents and random priming. Target cDNA levels were
quantified by real-time PCR, using a ViiA 7 sequence
detection system (Thermo Fisher Scientific). Therefore,
qPCR MasterMix (Eurogentec, Seraing, Liège, Belgium)
TM
and the following mouse-specific TaqMan gene
expression assays with fluorescently labelled MGB
probes were employed: Mm00446190_m1 (Il6),
Mm01178820_m1 (Tgfb1), Mm00801666_m1 (α1
typeⅠcollagen, Col1a1), Mm00437297_m1 (vitamin
D receptor, Vdr) and Mm01545399_m1 (hypoxanthine
guanine phosphoribosyl transferase; Hprt; housekeeping gene control). PCR conditions were: 95 ℃ for
10 min, followed by 40 cycles of 15 s at 95 ℃/1 min at
60 ℃. The relative amount of target mRNA in untreated
PSCs (control) and all other samples was expressed as
-(∆∆Ct)
2
, where ∆∆Ctsample = ∆Ctsample - ∆Ctcontrol.

Quantification of DNA synthesis

DNA synthesis was quantified employing the 5-bromo2’-deoxyuridine (BrdU) labelling and detection enzymelinked immunosorbent assay kit (Roche Diagnostics,
Mannheim, Germany). Therefore, quiescent or activated
(proliferating) PSCs were plated in 96-well plates
at equal seeding densities and allowed to adhere
overnight. Afterwards, the cells were exposed to
vitamin D2, vitamin D3 (both from Santa Cruz Biote
chnologies, Heidelberg, Germany) or calcipotriol
(Sigma-Aldrich, Deisenhofen, Germany) for the in
dicated periods of time. Twenty-four hours prior to
cell harvesting, BrdU labelling was initiated by adding
labelling solution at a final concentration of 10 µmol/L.
Afterwards, labelling was stopped, and BrdU uptake was
measured according to the manufacturer’s instructions.

Immunoblotting

PSCs in primary culture were pretreated as indicated,
and protein extracts were prepared and subjected
[14]
to immunoblot analysis as described before , using
polyvinylidene fluoride membrane (Merck Millipore)
for protein transfer. Primary antibodies were obtained
from the following sources: anti-α-SMA; SigmaAldrich (#A2547), and glyceraldehyde 3-phosphate
dehydrogenase (GAPDH); New England Biolabs,
Frankfurt am Main, Germany (#2118). To develop
®
the blots, LI-COR reagents for an Odyssey Infrared
Imaging System (LI-COR Biosciences, Lincoln, NE,
WJG|www.wjgnet.com

IL-6 ELISA

IL-6 protein levels were determined using a mouse IL-6specific ELISA (Thermo Fisher Scientific). Therefore,
activated PSCs (passage 1) were grown in 24-well plates
and treated with D-vitamins as indicated. Cell culture
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Figure 1 D-vitamins prevent loss of lipid droplets in quiescent pancreatic stellate cells. pancreatic stellate cells in primary culture (days 1-4) and of passage
1 (days 1-3) were exposed to the indicated D-vitamins at 100 nmol/L each. Afterwards, intracellular lipids were stained with oil-red, and size/number of lipid droplets
were assessed on a semiquantitative scale from 0 to 3. A: Exemplary stains for scores 1-3 (original magnification, × 400); B: Shown are the mean scores of n ≥ 14
independent samples (mean ± SE) for primary cultures (left panel) and passaged cells (right panel). aP < 0.05 vs untreated controls.

Statistical analysis

supernatants were collected and stored at ‑80 ℃ until
assayed. The measurements were performed according
to the manufacturer’s instructions.
18

All data were stored and analyzed using the IBM
SPSS Statistics 22.0. Values were expressed as mean
± SE for the indicated number of samples (n) per
experimental protocol. Mean group differences were
checked using analysis of variance. If data did not meet
the assumptions for ANOVA, nonparametric analysis of
variance was performed employing the Kruskal-Wallis
test or, in case of dependency of samples, the Friedman
test, before subgroups were tested pairwise using
the Mann-Whitney U test and the Wilcoxon rank sum
test, respectively. Here, Bonferroni-adjusted P-values,
otherwise P < 0.05 were considered to be statistically
significant.

F-proline incorporation assay

For this investigation, PSCs were seeded at a low
density and grown for a prolonged period of 12 d in
primary culture. At this time, the cells, like re-cultured
PSCs, displayed a fully activated, myofibroblastic
phenotype. Experiments with cells of passage 1
yielded unsatisfactory results due to inconsistent
growth rates and low proline uptake (data not shown).
18
18
2-[ F] proline ( F-proline) was synthesized according
[19]
[20]
to literature
with a modification as described in .
18
After pretreatment with D‑vitamins for 48 h, F-proline
(1.0 GBq/L culture medium) was added to each culture
well. Two hours later, incubation was terminated by
aspirating the medium and rinsing the cell layer two
times with ice-cold PBS. PSCs were solubilized with
18
100 mmol/L NaOH, and incorporated F activity was
determined using an automated counter (Wizard 2470,
Automatic Gamma Counter, PerkinElmer, Groningen,
the Netherlands). The raw data were normalized
to the protein content of the sample, which was
determined using a commercial Bradford assay (BioRad Laboratories, Munich, Germany).

WJG|www.wjgnet.com

RESULTS
D-vitamins inhibit exhibition of a myofibroblastic PSC
phenotype

In a first set of experiments, we analyzed the effects of
D-vitamins on the activation status of cultured PSCs in
vitro. Therefore, PSCs in early primary culture and cells
of the first passage were incubated with vitamin D2,
vitamin D3 or calcipotriol as indicated, and cytoplasmic
lipid droplets (Figure 1) as well as stress fiber bundles
of α-SMA (Figure 2) were used as surrogate markers of
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Figure 2 D-vitamins inhibit formation of stress fiber bundles. pancreatic stellate cells in primary culture (days 1-4) and of passage 1 (days 1-3) were treated
with the indicated D-vitamins at 100 nmol/L each. Subsequently, α-smooth muscle actin (α-SMA) fibres (green) were visualized by immunofluorescence staining;
while nuclei were counterstained with DNA with 4’,6-diamidino-2-phenylindole (blue). Expression of α-SMA and formation of stress fiber bundles were assessed on
a semiquantitative scale from 0 to 3. Exemplary stains for each score are shown in (A) (original magnification, × 630). In (B), mean values of n ≥ 12 independent
samples ± SE for primary cultures (left panel) and passaged cells (right panel) are shown. aP < 0.05 vs untreated controls.

A

quiescent PSCs had undergone 4 d of primary culture
on plastic and were considered as a model of early
activated stellate cells. Accordingly, re-cultured PSCs
corresponded to mature activated cells.
As shown in Figure 1, primary cultures of PSCs
contained more lipid droplets after incubation with
any of the three vitamin D derivatives than without
this treatment. In passaged cells, no such effect was
observed. In primary culture as well as upon reculturing, untreated PSCs expressed high levels of
α-SMA protein that was organized in stress fibers (Figure
2). All three D-vitamins significantly diminished the
formation of stress fiber bundles in primary cultures,
but not in re-cultured cells. The effects of D‑vitamins on
cells in primary culture were also confirmed by Western
blot analysis of α-SMA expression (Figure 3).
High levels of lipid droplets and absence of stress
[2,3]
fibers are characteristics of quiescent PSCs . There
fore, our data suggest that D-vitamins support the
maintenance of a quiescent state when added early in
the course of primary culture, but cannot reverse the
myofibroblastic phenotype (with high levels of α-SMA
and a decline of lipid droplets) once the cells are fully
activated.

a-SMA (44 kDa)

GAPDH (38 kDa)
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Figure 3 D-vitamins reduce protein levels of α-smooth muscle actin in
primary cultured pancreatic stellate cells. pancreatic stellate cells were
treated with the indicated D-vitamins (100 nmol/L each) from day 1-4 of
primary culture, before expression of α-smooth muscle actin (α-SMA) and the
housekeeping protein GAPDH was assessed by Western blot analysis (see A
for a typical experiment); B: Intensities of fluorescence signals were expressed
as ratio α-SMA/GAPDH. Data of 5 independent experiments were used to
calculate mean ± SE. aP < 0.05 vs untreated controls.

Effects of D-vitamins on DNA synthesis

At concentrations of 100 nmol/L (Figure 4) and below,
D-vitamins had no effect on the rate of DNA synthesis,
independent of whether primary cultures or passaged

the cellular phenotype. At the time of analysis, originally

WJG|www.wjgnet.com

174

January 14, 2018|Volume 24|Issue 2|

Wallbaum P et al . Antifibrogenic effects of vitamin D derivatives

A

114

100

80
60
40
20
0

Passage 1
120

BrdU incorporation (%)

100

109

108

120
BrdU incorporation (%)

B

Primary culture

100

100

96

Control

Vit D2

99

95

80
60
40
20

Control

Vit D2

Vit D3

0

Calcipotriol

Vit D3

Calcipotriol

Figure 4 D-vitamins have no effect on DNA synthesis of pancreatic stellate cells. pancreatic stellate cells (PSCs) (A) in primary culture (days 1-4) and (B) of
passage 1 (days 1-3) were challenged with D-vitamins at 100 nmol/L each, and DNA synthesis was assessed employing the BrdU incorporation assay. One hundred
percent BrdU incorporation corresponds to solvent-treated PSCs. Data are expressed as mean ± SE (n ≥ 6 independent samples).
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Figure 5 Effects of D-vitamins on pancreatic stellate cell gene expression (A-D). pancreatic stellate cells of the first passage were treated for 48 h with the
indicated D-vitamins at 100 nmol/L each. Subsequently, the mRNA expression of the indicated genes and the house-keeping control Hprt was analyzed by real-time
PCR, and relative amounts of target mRNA were calculated as described in the methods section. One hundred percent mRNA expression of each gene corresponds
to untreated cells. Data are presented as averaged mean ± SE (n ≥ 8 independent samples). aP < 0.05 vs untreated controls.

cells were exposed to the drugs.

stically significant. None of the investigated derivatives
inhibited the expression of collagen type 1 (α1‑chain)
[4,24]
and Tgfb1 as the main profibrogenic cytokine
substantially (Figure 5C and D).

D-vitamins reduce IL-6 expression and secretion

Effects of D-vitamins at the level of gene expression
were studied in passaged PSCs only, since the mRNA
yield from the small number of cells in primary culture
proved too low for reproducible results. As expected,
all D-vitamins enhanced the expression of VDR as
[21]
a known target gene
(Figure 5A). Interestingly,
vitamins D2 and D3 significantly diminished the mRNA
and protein levels of IL-6, an autocrine mediator of PSC
[22,23]
activation and major proinflammatory cytokine
(Figures 5B and 6). Calcipotriol showed similar effects,
but only the inhibition of mRNA expression was stati

WJG|www.wjgnet.com

Effects of D-vitamins on proline uptake

In subsequent experiments, uptake of proline, a main
component of collagen, by PSCs was measured. The
lowest rate of proline incorporation was observed for
calcipotriol-treated cells (Figure 7). Although a Friedman
test yielded a p value of 0.007, the differences between
treated cells and controls did not reach statistical
significance.
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Figure 7 Effects of D-vitamins on 18F-proline incorporation. pancreatic
stellate cells were treated for 48 h with the indicated D-vitamins at 100 nmol/L
each. Afterwards, incorporation of 18F-proline was determined as described
in the materials and methods section. Raw data were normalized to the
protein content of the samples. One hundred percent 18F-proline incorporation
corresponds to untreated PSCs. Data are expressed as mean ± SE (n = 5
samples). PFriedman test = 0.007, but no statistically significant differences between
treated cells and the control group.

Figure 6 D-vitamins reduce interleukin-6 secretion. pancreatic stellate
cells of the first passage were incubated for 24 h with D-vitamins (at 100
nmol/L each) as indicated. Subsequently, interleukin-6 (IL-6) protein levels in
cell culture supernatants were analyzed by ELISA. Mean values and SE were
calculated from 6 independent samples. aP < 0.05 vs untreated controls. For
calcipotriol, the Bonferroni-adjusted P-value was 0.141.

DISCUSSION
differences account for this discrepancy cannot be
excluded at this stage. In the previous study, longer
periods of treatment with vitamin D3 and a different
[13]
assay to monitor cell growth were employed .
Interestingly, D-vitamins neither inhibited the ex
pression of collagen type 1 (α1-chain) nor of Tgfb1.
These findings suggest that both genes are no direct
targets of vitamin D action in PSCs. Since D-vitamins
interfered with the exhibition of a myofibroblastic PSC
phenotype, we nevertheless suggest an antifibrotic net
effect of the three derivatives.
In conclusion, despite small differences, the biolo
gical efficiencies of the three D-vitamins were similar.
The inability of D-vitamins to reverse the activated PSC
phenotype does not necessarily limit their potential
as antifibrotic drugs, since (1) they may prevent the
further recruitment of still quiescent PSCs; and (2)
diminished secretion of the autocrine PSC activator
[20,21]
IL-6
. The reduced uptake of proline, a main
compound of collagen, is compatible with a preserved
antifibrotic action of D-vitamins even upon completion
of PSC activation. We therefore suggest follow-up
studies in animal models not only of PC but also of CP
to further evaluate the antifibrotic effects of vitamin D
under in vivo conditions.

To this end, antifibrotic drugs that effectively inhibit
the stroma response in the context of CP and PC
are largely missing. Undoubtedly, their availability
would also facilitate experimental studies on the
role of fibrosis in the progression of both diseases,
which remains unknown (CP) or controversial (PC).
Currently, drugs that block pro-tumorigenic functions
of the stroma but maintain, or even enhance, its antitumorigenic properties are considered most interesting
with respect to their clinical potential. Recently, the
vitamin D derivative calcipotriol has been suggested
to exert such effects by inducing a transcriptional reprogramming of the tumor stroma in PC, and PSCs
have been suggested as important targets of vitamin D
[12,13]
action
.
The results of this study provide for the first time
insights into the relative efficiencies of different vitamin
D derivatives in the context of pancreatic fibrogenesis.
Using primary cultures of quiescent murine PSCs, we
found that vitamin D2, vitamin D3 and calcipotriol all
significantly reduced the expression of α-SMA and
prevented the loss of vitamin A-containing fat droplets.
Once the cells were fully activated (upon re-culture),
no such effects were detected anymore. Together,
these data suggest that all three vitamin D derivatives
inhibit activation of PSCs in vitro, but cannot reverse
the myofibroblastic phenotype of fully activated
PSCs. Nevertheless, the latter cells remained vitamin
D-responsive. Specifically, all D-vitamins reduced the
mRNA levels of IL-6. Moreover, vitamins D2 and D3
also significantly diminished IL-6 protein secretion.
Here, the effect of calcipotriol was not significant,
although this might be due to the small sample size.
Furthermore, uptake of proline was affected by vitamin
D-treatment. Somewhat unexpectedly, we did not
observe significant effects of any vitamin D derivative
on DNA synthesis, a finding that is in contrast to a
previous report of antiproliferative effects of vitamin D3
[13]
on murine PSCs . The possibility that methodological
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ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Chronic pancreatitis and pancreatic cancer are accompanied by an extended
fibrosis that plays an active role in disease progression. Pancreatic stellate
cells (PSCs) are the main source of extracellular matrix proteins in the diseased
organ. To this end, there is a lack of specific antifibrotic agents for preclinical
evaluation and potential clinical applications.

Research motivation

Vitamin D has recently been suggested to modulate the pancreatic stroma in a
way that pancreatitis is suppressed and pancreatic cancer therapy is enhanced.
PSCs were identified as a target of vitamin D action. The molecular mechanisms
of vitamin D action in PSCs are only partially understood, and the relative
efficiencies of different vitamin D derivatives have not been elucidated yet.
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Research objectives

The objective of this study was to analyze and to compare the biological and
molecular effects of three different D-vitamins, vitamin D2, vitamin D3 and
calcipotriol, in PSCs.
5

Research methods

Murine PSCs were exposed to D-vitamins as primary cultures (early activated
PSCs) and upon re-culturing (fully-activated cells). Exhibition of vitamin
A containing lipid droplets and expression of α-smooth muscle actin were
used as surrogate markers of PSC activation. Therefore, oil red staining,
immunofluorescence studies and immunoblot analyses were performed. Gene
expression was monitored by real-time PCR, and interleukin-6 (IL-6) protein
levels were quantified by ELISA. Furthermore, 18F‑proline was employed to
measure the cellular uptake of proline.

6

7

Research results

The results of this study show for the first time that vitamin D exerts distinct
effects on quiescent and activated PSCs in vitro. In quiescent PSCs, vitamin
D prevented the exhibition of a myofibroblastic phenotype. Once the cells
were fully activated, vitamin D failed to induce a complete reversal of the
myofibroblastic phenotype, but still exerted antifibrotic effects on PSCs by
inhibiting uptake of proline and expression of IL-6. Three vitamin D derivatives,
vitamin D2, vitamin D3 and calcipotriol, displayed very similar biological effects.

8

Research conclusions

D-vitamins are efficient inhibitors of PSC activation in vitro, but cannot reverse
the phenotype once the cells are fully activated. In line with other publications
in the field, our findings encourage a further evaluation of vitamin D effects
in pancreatic cancer and chronic pancreatitis. A modulation of the stroma
response by vitamin D might hold potential as part of a multimodal concept for
the treatment of both diseases.

9

Research perspectives

10

These investigations have shown that vitamin D2, vitamin D3 and calcipotriol
are similarly effective with respect to the inhibition of PSC activation in vitro.
Directions of future research should include both mechanistic studies on the
molecular basis of vitamin D action in PSCs, and experimental studies on
vitamin D efficiency in the context pancreatic cancer and chronic pancreatitis.
Therefore, advanced cell culture models such as human stellate cells and
animal models of pancreatic fibrosis need to be employed.

11
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Abstract

Institutional animal care and use committee statement: All
animal experiments conformed to the internationally accepted
principles for the care and use of laboratory animals (licence
no. 2013-15-2934-00784, The Animal Experiments Inspectorate,

AIM
To evaluate the pharmacodynamics of compounds in
clinical development for nonalcoholic steatohepatitis
(NASH) in obese mouse models of biopsy-confirmed
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NASH.

subject comparisons were performed on changes in
liver histopathology. Wild-type and ob/ob -NASH obese
mice showed distinct treatment effects of liraglutide,
OCA, and elafibranor, being in general agreement with
corresponding findings in clinical trials for NASH. In
conclusion, the two obese mouse models of NASH show
clinical translatability with respect to disease etiology,
histopathology and drug treatment effects, which
supports their utility in preclinical drug development.

METHODS
ob/ob
Male wild-type C57BL/6J mice (DIO-NASH) and Lep
(ob/ob -NASH) mice were fed a diet high in trans-fat (40%),
fructose (20%) and cholesterol (2%) for 30 and 21
wk, respectively. Prior to treatment, all mice underwent
liver biopsy for confirmation and stratification of liver
steatosis and fibrosis, using the nonalcoholic fatty
liver disease activity score (NAS) and fibrosis staging
system. The mice were kept on the diet and received
vehicle, liraglutide (0.2 mg/kg, SC, BID), obeticholic
acid (OCA, 30 mg/kg PO, QD), or elafibranor (30 mg/kg
PO, QD) for eight weeks. Within-subject comparisons
were performed on changes in steatosis, inflammation,
ballooning degeneration, and fibrosis scores. In
addition, compound effects were evaluated by
quantitative liver histology, including percent fractional
area of liver fat, galectin-3, and collagen 1a1.

Tølbøl KS, Kristiansen MN, Hansen HH, Veidal SS, Rigbolt KT,
Gillum MP, Jelsing J, Vrang N, Feigh M. Metabolic and hepatic
effects of liraglutide, obeticholic acid and elafibranor in dietinduced obese mouse models of biopsy-confirmed nonalcoholic
steatohepatitis. World J Gastroenterol 2018; 24(2): 179-194
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i2/179.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i2.179

RESULTS
Liraglutide and elafibranor, but not OCA, reduced body
weight in both models. Liraglutide improved steatosis
scores in DIO-NASH mice only. Elafibranor and OCA
reduced histopathological scores of hepatic steatosis
and inflammation in both models, but only elafibranor
reduced fibrosis severity. Liraglutide and OCA reduced
total liver fat, collagen 1a1, and galectin-3 content,
driven by significant reductions in liver weight. The
individual drug effects on NASH histological endpoints
were supported by global gene expression (RNA
sequencing) and liver lipid biochemistry.

INTRODUCTION
Nonalcoholic steatohepatitis (NASH) is characterized
by varying degrees of hepatic steatosis, cytoskeletal
damage, and lobular inflammation with or without
[1]
fibrosis . The pathogenesis of NASH is complex with
current hypotheses involving fatty acid-mediated
lipotoxicity exhausting hepatocyte adaptive and rege
nerative responses, whereby accumulating oxidative
stress can trigger hepatocyte necroinflammation,
[2,3]
fibrosis, and disruption of hepatic cytoarchitecture .
Immunopathological alterations likely also play a key role
in NASH, presumably driven by maladaptive responses
[4,5]
in the innate and adaptive immune system .
The primary drivers of NASH are obesity and
diabetes, and the high prevalence of these major
metabolic diseases is expected to make NASH one of
the most common causes of advanced liver disorders
[6]
in the coming decade . NASH is therefore rapidly
emerging as a major public health problem, however,
with currently no evidence-based approved drug
therapies. This has prompted substantial efforts to
identify novel pharmacological concepts for correcting
the underlying metabolic deficits and alleviate, or
[7,8]
prevent, hepatic fibrosis in NASH . To improve the
understanding of NASH pathogenesis and facilitate the
development of novel therapeutics for NASH, several
[8]
mouse models have been employed . A number of
diet-induced obesity (DIO) models mimic the natural
history of NASH and have demonstrated relatively good
clinical translatability with respect to key metabolic and
liver pathological changes with mild- to moderate-grade
liver fibrosis, and these models have therefore been
[9-13]
increasingly used in preclinical drug development
.
In comparison, non-physiological diets that are low or
devoid of certain essential amino acids promote more
severe liver fibrosis, but also result in significant weight
loss, making these NASH models more applicable for

CONCLUSION
DIO-NASH and ob/ob -NASH mouse models show distinct
treatment effects of liraglutide, OCA, and elafibranor,
being in general agreement with corresponding findings
in clinical trials for NASH. The present data therefore
further supports the clinical translatability and utility of
DIO-NASH and ob/ob -NASH mouse models of NASH
for probing the therapeutic efficacy of compounds in
preclinical drug development for NASH.
Key words: Nonalcoholic steatohepatitis; Disease
models; Pathology; Fibrosis; Liver biopsy; Tran
scriptomics; Pharmacodynamics; Glucagon-like pe
ptide-1 receptor; Peroxisome proliferator-activated
receptor; Farnesoid X receptor
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The pharmacodynamics of three compounds
in advanced clinical development for the treatment
of nonalcoholic steatohepatitis (NASH), including
liraglutide, elafibranor and obeticholic acid, were
evaluated in wild-type and genetically (ob/ob )
obese mouse models of NASH. Prior to treatment,
all mice underwent liver biopsy for confirmation and
stratification of liver steatosis and fibrosis. Within-
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probing drug treatment efficacy on hepatic injury and
[13-16]
regeneration
.
Notably, NASH show spontaneous and unpredictable
onset with varying disease severity and different
[1]
rates of progression . Today, liver biopsy-confirmed
pathology is the mainstay for clinical trials which allows
for stratification of disease severity/stage and within[17,18]
subject evaluation of endpoint liver histology
.
In agreement with the clinical findings, DIO mouse
models of NASH show variable disease severity. Recent
reports have demonstrated that all stages of NASH
are represented in mice fed Western-type obesogenic
diets for any period ≥ 20 wk, and a significant pro
portion of up to 30% of the animals fail to develop
[9,13,19]
steatohepatitis and liver fibrosis
, indicating that
individual baseline disease stage is also a critical factor
in the assessment of treatment effects in DIO mouse
models of NASH. However, disease state heterogeneity
is often overlooked in preclinical NASH studies which
may result in unintentional large variability in endpoint
histopathology and narrow the window for detection
of therapeutic effects. Another factor to be considered
in preclinical drug development for NASH is that drug
treatment periods in mouse models of NASH have
varied from subacute to chronic dosing settings with
histological endpoints evaluated by different qualitative
and quantitative methods. Comparison of preclinical
treatment effects of potential anti-NASH compounds is
therefore misleading in the absence of head-to-head
pharmacological studies in experimental models of
NASH.
We have recently reported liver biopsy-confirmed
histopathology in wild-type (DIO-NASH) and genetically
[19]
obese (ob/ob-NASH) mouse models of NASH . Both
models display hallmarks of NASH, i.e. steatosis,
lobular inflammation, hepatocellular ballooning, but are
distinguished histologically by the representation of mild
(DIO-NASH) or moderate (ob/ob-NASH) grade hepatic
[9,19]
fibrosis
. The present comparative study in the
DIO-NASH and ob/ob-NASH mouse models of biopsyconfirmed histopathology aimed to characterize withinsubject treatment responses of compounds in current
advanced clinical development for NASH, including
[20]
[21]
liraglutide , obeticholic acid (OCA, INT-747) ,
[22]
and elafibranor (GFT-505) . Liraglutide is a longacting glucagon-like peptide 1 (GLP-1) analogue with
[23]
picomolar GLP-1 receptor binding potency , and
is approved for the management of type 2 diabetes
and obesity. Whereas liraglutide improves glycemia
by stimulating pancreatic cell function, its anti-obesity
effects are predominantly centrally mediated through
[24,25]
suppression of hypothalamic appetite signaling
.
OCA is a semi-synthetic bile acid currently approved
[26]
for the treatment of primary biliary cholangitis . OCA
acts as a transcriptional activator through high-affinity
[27]
binding to the nuclear farnesoid X receptor (FXR)
to regulate bile acid synthesis and transport, hepatic
lipid and carbohydrate metabolism, as well as immune
[28]
function . Elafibranor is a selective dual agonist
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for peroxisome proliferator-activated α/δ receptors
[29]
(PPAR-α/δ) , another group of ligand-activated
nuclear receptors with particularly highly abundancy
in the liver. As for OCA, elafibranor exerts its major
effects through transcriptional regulation of key genes
involved in hepatic lipid and glucose metabolism, but
also modulates hepatic inflammation and collagen
[30]
turnover . Liraglutide, OCA and elafibranor therefore
influences different disease mechanisms in NASH,
making these compounds well-suited for comparing the
treatment efficacy of different therapeutic concepts in
the two mouse models of NASH.

MATERIALS AND METHODS
Animals

All animal experiments were conducted according to
internationally accepted principles for the care and use
of laboratory animals (licence no. 2013-15-2934-00784,
The Animal Experiments Inspectorate, Denmark).
The animal protocol was designed to minimize pain or
discomfort to the animals. Male mice were obtained
from Janvier Labs (Le Genest Saint Isle, France) and
housed in a controlled environment (12 h light/dark
cycle, light on at 3 AM, 21 ± 2 ℃, humidity 50% ±
10%). Each animal was identified by an implantable
microchip (PetID Microchip, E-vet, Haderslev, Den
mark). Mice had ad libitum access to tap water and
either regular rodent chow (Altromin 1324, Brogaarden,
Hoersholm, Denmark), or a diet high in fat (40%,
containing 18% trans-fat), 40% carbohydrates (20%
fructose) and 2% cholesterol (AMLN diet; D09100301,
[19]
Research Diets, New Brunswick, NJ) . Disease
progression was characterized in wild-type DIO-NASH
mice, 5 wk-old at the arrival at Gubra, and fed AMLN
diet for up to 50 wk (n = 8-10 animals per time point).
Effects of drug treatment were evaluated in wild-type
ob
C57BL/6J and B6.V-Lep /JRj (ob/ob) mice 5-6 wkold at the arrival at Gubra. C57BL/6J mice were fed
chow (controls) or AMLN diet (DIO-NASH mice) for 30
wk prior to treatment start. ob/ob mice were fed chow
(ob/ob controls) or AMLN diet (ob/ob-NASH mice)
for 21 wk prior to treatment start. Body weight was
measured daily during the treatment period.

Baseline liver biopsy

All animals included in the drug treatment experiments
underwent liver biopsy, as described in detail
[9,19]
previously
. In brief, the mice were anesthetized
®
with isoflurane (Vetflurane , Virbac, Kolding, Denmark)
in atmospheric air. A midline abdominal incision was
made to expose the left lateral lobe, and a cone-shaped
biopsy of 50-100 mg liver tissue was collected and fixed
in 4% paraformaldehyde overnight and subsequently
used for histological assessment. The cut surfaces
were electrocoagulated using an electrosurgicial unit
(ERBE VIO 100C, ERBE, Marietta, GA, United States),
whereupon the liver was returned to the abdominal
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cavity, the abdominal wall was sutured and the skin
was stapled. The animals received 5 mg/kg carprofen
®
(Norodyl , ScanVet, Fredensborg, Denmark) prior to
surgery and on post-operative day 1 and 2. Animals
were single-housed after the procedure and allowed to
recover for 3 wk prior to treatment start. Only mice with
fibrosis stage ≥ 1 and steatosis score ≥ 2, evaluated
[31]
using the clinical criteria outlined by Kleiner et al ,
were included in the study.

fractional area (histology data), respectively.

RNA sequencing

Hepatic transcriptome analysis was performed by
RNA sequencing on RNA extracts from terminal liver
samples (15 mg fresh tissue), as described in detail
[19]
previously . The RNA quantity was measured using
®
Qubit (Thermo Scientific, Eugene, OR, United States).
The RNA quality was determined using a bioanalyzer
with RNA 6000 Nano kit (Agilent, Waldbronn,
Germany). RNA sequence libraries were prepared
with NeoPrep (Illumina, San Diego, CA, United States)
using Illumina TruSeq stranded mRNA Library kit for
NeoPrep (Illumina, San Diego, CA, United States)
and sequenced on the NextSeq 500 (Illumina, San
Diego, CA, United States) with NSQ 500 hi-Output KT
v2 (75 CYS, Illumina, San Diego, CA, United States).
Reads were aligned to the GRCm38 v84 Ensembl Mus
musculus genome using STAR v.2.5.2a with default
[36]
parameters . Differential gene expression analysis was
[37]
performed with DEseq2 . Genes with a Benjamini and
Hochberg adjusted p ≤ 0.05 (5% False Discovery Rate)
were regarded as statistically significantly regulated.
Enrichment analysis of KEGG pathways were performed
[38]
using the clusterProfiler package for R .

Drug treatment

Liraglutide (Victoza™ pen) was from Novo Nordisk
(Bagsvaerd, Denmark), elafibranor and OCA were from
SunshineChem (Shanghai, China). Vehicles were 0.5%
carboxymethyl cellulose with 0.01 % Tween-80 (PO
dosing) or phosphate-buffered saline with 0.1% bovine
serum albumin (SC dosing), administered in a dosing
volume of 5 ml/kg. Animals were stratified (n = 9-12
per group) based on mean fibrosis and steatosis score,
and treated for 8 wk with vehicle (PO, QD), liraglutide
(0.2 mg/kg, SC, BID), OCA (30 mg/kg, PO, QD), or
elafibranor (30 mg/kg, PO, QD). Vehicle-dosed chowfed mice (PO, QD) served as additional controls. The
compound doses used in the present study were within
the dose range reported efficacious in other mouse
[13,30,32-35]
models of diet-induced obesity and NASH
. A
terminal blood sample was collected from the tail vein
in non-fasted mice and used for plasma biochemistry.
Animals were sacrificed by cardiac puncture under
isoflurane anesthesia. Liver samples were processed as
described below.

Statistical analyses

Except from RNA sequencing, data were analyzed
using GraphPad Prism v5.02 software (GraphPad,
La Jolla, CA, United States). All results are shown
as mean ± SE. A two-way ANOVA with Bonferroni’
s post-hoc test was performed for body weight
analysis. Fisher’s exact test was used to test for withinsubject changes in histology scores before and after
treatment, compared to vehicle controls. A one-way
ANOVA with Dunnett’s post-hoc test was used for all
other parameters. A P-value < 0.05 was considered
statistically significant.

Biochemical and histological analyses

Biochemical and histological analyses were per
[19]
formed as reported previously . Plasma analytes
included alanine aminotransferase (ALT), aspartate
aminotransferase (AST), triglycerides (TG) and total
cholesterol (TC). Liver homogenates were analyzed
for TG and TC. Paraformaldehyde-fixed liver pre- and
post-biopsies were paraffin-embedded, sectioned,
and stained with hematoxylin-eosin (Dako, Glostrup,
Denmark), Picro-Sirius red (Sigma-Aldrich, Broendby,
Denmark), anti-type I collagen (Col1a1; Southern
Biotech, Birmingham, AL), or anti-galectin-3 (Biolegend,
San Diego, CA, United States). The NAFLD activity
score (NAS) and fibrosis staging system was applied to
liver pre-biopies and terminal samples (drug treatment
experiments) or only terminal samples (disease
progression experiment) for scoring of steatosis, lobular
inflammation, hepatocyte ballooning, and fibrosis
[31]
outlined by Kleiner et al . All histological assessments
were performed by a pathologist blind to treatment.
Because all treatment paradigms affected total liver
weight, quantitative data on liver biochemistry (liver
TG, TC) and histology (liver lipid, galectin-3, Col1a1)
were expressed as whole-liver amounts by multiplying
individual terminal liver weight with the corresponding
liver lipid concentration (biochemistry data) or percent
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RESULTS
Disease progression in wild-type DIO-NASH mice

Terminal samples were assessed for analysis of plasma
and liver biochemistry, as well as liver morphology and
quantitative histology.
Metabolic data are shown in Supplemental Figure
1. Body weight in DIO-NASH mice gradually increased
over the feeding period and reached a plateau
(approximately 40 g) after approximately 35 wk of
dieting (Supplemental Figure 1, panel A). DIO-NASH
mice developed hepatomegaly and fatty liver from
dietary week 10 and onwards (panel B, F). Plasma ALT
and AST increased during the dieting period, with the
effect on AST being transient (panel C, D). Onset of
hypercholesterolemia was evident from dieting week
10 (panel E), and liver TC levels were elevated even
earlier (panel G). Liver, but not plasma, TG levels were
increased from dieting wk 10-50 (panel F, H).
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Histology data are presented in Figure 1. Steatosis
developed gradually in DIO-NASH mice and became
severe after 20-25 wk of dieting (panel A). Lobular
inflammation was observed after 15 wk and progressed
in severity with increasing dieting periods (panel B).
Hepatocyte ballooning was detected in a few mice
after 30 wk, increasing in prevalence over time, but
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did not progress beyond stage 1 (panel C). Manifest
NASH (NAS 4-5) was consistently observed after
20-30 wk of dieting and increase in severity during the
remainder of the monitoring period (panel D). Fibrosis
(stage 1) was consistently detected from 20 wk of
dieting. All DIO-NASH mice developed fibrosis after
35 wk (predominantly stage 2), but 20%-30% of the
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Figure 2 Metabolic effects of liraglutide, obeticholic acid, and elafibranor treatment in DIO-nonalcoholic steatohepatitis mice. aP < 0.05, bP < 0.01, cP < 0.001
vs vehicle controls; OCA: Obeticholic acid; NASH: Nonalcoholic steatohepatitis.

mice remained at stage 1 after 50 wk of dieting (panel
E). Hepatic lipid amounts significantly increased from
dieting week 10 and reached a maximal level from
week 15 (panel F). Liver galectin-3 immunoreactivity
increased after 20 wk of dieting and progressed
further with increasing dieting periods (panel G).
Col1a1 immunoreactivity was elevated after 35 wk
of dieting and did not change further (panel H). Latestage complications were rare in DIO-NASH mice, and
occurred only after ≥ 40 wk on AMLN diet (cirrhosis
and hepatic nodular formation, n = 1/19; extensive bile
duct proliferation, n = 1/19, animals not included in
data analysis).
A heatmap was generated for a panel of prototypical
gene candidates associated with NASH pathology
(Supplementary Figure 1, panel I). Signatures were
markedly different during the study period, with
an upregulation of genes involved in lipid handling,
inflammation, fibrosis and cell death occurring over
time. Expression of genes involved in lipid handling
were gradually upregulated from week 20, with highest
expression from week 35 wk and onwards. Gene
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groupings representative of monocyte/macrophage
infiltration, inflammation, extracellular matrix (ECM)
turnover, and apoptosis execution peaked at 35-50 wk
of dieting (panel I-K).

Drug treatment in DIO-NASH mice

As expected, DIO-NASH mice gained more weight than
chow-fed controls (Figure 2A). Treatment with liraglutide
and elafibranor, but not OCA, resulted in weight loss (and
loss of terminal whole-body fat, data not shown) which
reached a maximal effect after approximately 2 wk of
treatment (Figure 2A and B). Liraglutide and elafibranor,
but not OCA, induced a transient reduction in daily food
intake (from treatment d 1-3), whereupon food intake
remained similar to vehicle-dosed DIO-NASH mice (data
not shown). Whereas liraglutide and OCA reduced liver
weight, elafibranor had the opposite effect (Figure 2C).
Biochemical (plasma, liver) and quantitative histological
(liver) analyses were applied. Liraglutide and OCA
reduced total liver TG and TC content (Figure 2D and
E). Only liraglutide significantly reduced plasma ALT and
AST (Figure 2F and G). Liraglutide and OCA, but not

184

January 14, 2018|Volume 24|Issue 2|

Tølbøl KS et al. Pharmacodynamics in mouse models of biopsy-confirmed NASH

A

B

NAFLD activity score
12

Number of animals

Same

Lower

10

Higher

c

8

b

b

6
4
2

Pre

O
CA

e

El
afi
br
an
or

lu
tid
Li
ra
g

Ve
hi
cle

0

8
7
6
5
4
3
2
1
0

Vehicle
NAS

8
7
6
5
4
3
2
1
0

Post

Liraglutide
NAS

Pre

Elafibranor
NAS

8
7
6
5
4
3
2
1
0

Post

Pre

OCA
NAS

8
7
6
5
4
3
2
1
0

Post

Pre

Post

C
Chow

D

Same

Lower

12
Number of animals

E

Liver fibrosis stage
Higher

4

10
8
6

a

4
2

CA

Liraglutide
fibrosis

Elafibranor
fibrosis

4

3

3

3

3

2

2

2

2

1

1

1

1

0

0

0

0

Pre

Pre

Post

Post

Pre

Post

OCA
fibrosis

4

Pre

Post

O

or

4

afi

br
an

Vehicle
fibrosis

OCA

El

tid
lu
ra
g
Li

Ve
h

icl

e

e

0

Elafibranor

Liraglutide

Vehicle

F
Chow

Vehicle

Elafibranor

Liraglutide

OCA
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c
P < 0.001 vs vehicle controls. OCA: Obeticholic acid; NASH: Nonalcoholic steatohepatitis.

elafibranor, reduced plasma TC levels (Figure 2I). None
of the compounds affected plasma TG levels (Figure
2H). Liver morphometry was compared in pre- vs. posttreatment liver biopsies. All DIO-NASH mice included
in the experiment showed pre-biopsy confirmed NASH
(composite NAS 4-6) and liver fibrosis (stage 1-2),
see Figure 3B and Supplementary Figure 2. All three
compounds significantly improved NAS in DIO-NASH
mice (Figure 3A and B), mainly due to reduced steatosis
score (Supplementary Figure 2). In correspondence,
all drug treatments also reduced total liver lipid content
(Figure 4A and B). Only elafibranor improved fibrosis
stage in pre- vs. post-treatment liver biopsies (p <
0.05, Figure 3D-F). In contrast, total galectin-3 and
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total Col1a1 levels were reduced following liraglutide
and OCA, but not elafibranor, treatment (Figure 4C-F).
Principal component analysis (PCA) indicated distinct
uniform and stable gene transcriptional responses
in the experimental groups. The major proportion of
variance correlated with separation of the chow-fed
and DIO-NASH controls (Figure 5A). PCA on the minor
proportion of variance yielded a more mixed profile with
partial separation of liraglutide and OCA effects (Figure
5B). Overall, liraglutide and OCA treatment resulted
in transcriptome signatures partially resembling the
lean control signature. Transcriptome changes also
markedly overlapped between drug treatment groups.
Notably, elafibranor induced the highest number of
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differentially expressed genes and evoked transcriptome
modifications distinct from all other experimental groups
(Figure 5A and C). Liraglutide induced conspicuous
changes in transcriptional pathways associated with
glucose metabolism, but had virtually no impact on
gene groupings representing other liver metabolic
pathways (Figure 5D). OCA modulated gene groupings
linked to glucose metabolism, but also affected signaling
pathways associated with NAFLD, ECM-receptor
interaction, PI3 kinase signaling, and focal adhesion.
Pathways perturbations promoted by elafibranor
treatment mapped to NAFLD, lipid metabolism,
oxidative phosphorylation, PPAR and peroxisome sig
naling. All drug treatments reduced expression of gene
markers involved in inflammation, fibrogenesis, and
apoptosis (Figure 5E and F).

vehicle-dosing), see Figure 6B. OCA did not affect body
weight in ob/ob-NASH mice. Liraglutide, but not OCA
and elafibranor, induced a transient reduction in daily
food intake (from treatment d 1-7), whereupon food
intake remained similar to vehicle-dosed ob/ob-NASH
mice (data not shown). Liraglutide and OCA, but not
elafibranor, reduced terminal liver weight (Figure 6C).
Liraglutide reduced total liver TG content (Figure 6D) as
well as plasma TG levels (Figure 6H), while elafibranor
and OCA reduced total liver TC content (Figure 6E).
All compounds lowered plasma TC levels (Figure 6I).
Liraglutide and elafibranor, but not OCA, reduced
plasma ALT and AST (Figure 6F and G). All ob/obNASH mice included in the experiment showed prebiopsy confirmed NASH (composite NAS 4-7) and liver
fibrosis (stage 2-3), see Figure 7B and Supplementary
Figure 3. Elafibranor and OCA significantly reduced
composite NAS, total liver fat and galectin-3 content
in ob/ob-NASH mice (Figure 7A, B, E and F). Liver
morphometry was compared in pre- vs. post-treatment
liver biopsies. While elafibranor reduced NAS largely by
improving steatosis and inflammation scores, OCA also
consistently reduced ballooning (Supplementary Figure
3). Only elafibranor significantly reduced hepatic fibrosis
stage (Figure 7C and D), but did not change total levels
of Col1a1 (Figure 7F). Liraglutide had no effect on any
individual NAS component, as well as composite NAS,

Drug treatment in ob/ob-NASH mice

ob/ob-NASH controls were obese prior to treatment
(51.7 ± 1.1 g, n = 12), but showed lower body weight
compared to age-matched chow-fed ob/ob controls
(60.1 ± 1.3 g, n = 9) (Figure 6A). Terminal liver weight
was markedly higher in ob/ob-NASH control mice
compared to chow-fed controls (Figure 6A-C). Liraglutide
and elafibranor treatment progressively reduced body
weight with a maximal weight loss of approximately
10% compared to baseline (approximately 20% vs
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and did not alter the fibrosis stage (Figure 7A and
B, Supplementary Figure 3). In contrast, liraglutide
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significantly reduced total liver levels of lipids, galectin-3
and Col1a1 (Figure 7E-G).
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DIO-NASH mice exhibited a relatively rapid onset
of body weight gain with concurrent liver TG and
TC accumulation and progressive development of
hepatomegaly. DIO-NASH mice developed hyper
cholesterolemia, but not hypertriglyceridemia. This
[9,19]
is a consistent finding DIO-NASH mice
, as well
[10,19]
as in ob/ob-NASH mice
and other Western diet[12,40]
based mouse models of NASH
. In contrast, highfat diets with lower cholesterol content (0.2%) are
reported to induce combined hypertriglyceridemia and
[11,41,42]
hypercholesterolemia in obese mice
, suggesting

DISCUSSION
We and others have previously reported that DIO-NASH
mice develop low-grade liver fibrosis when maintained
[9,19,39]
on a trans-fat containing obesogenic diet
. To obtain
further information on the pathology in this translational
mouse model of NASH we initially performed a detailed
investigation on the disease onset and progression
in DIO-NASH mice, followed by comparison of the
treatment effects of liraglutide, OCA and elafibranor in
both DIO-NASH and ob/ob-NASH mice.
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DIO-NASH mice. In correspondence, transcriptome
pathway analyses revealed initial gene signatures of
upregulated hepatic lipid synthesis and handling, over
enhanced inflammation signaling to recruitment of
monocytes/myofibroblasts, stimulation of fibrogenesis
and extracellular matrix turnover. These findings are
in general concordance with recent hypotheses that
mounting lipotoxicity constitutes a triggering event for
[45,46]
progression of NAFLD into NASH
.
[9,19]
In agreement with previous findings
, all mor
phological hallmarks of NASH were consistently present
in DIO-NASH mice at ≥ 25 wk of dieting (NAS ≥ 4-5,
[31]
corresponding to the clinical criteria for NASH ).
NAS was largely driven by progressive changes in
hepatosteatosis and inflammation as affected mice
only exhibited marginal hepatocyte ballooning. The
absence of conspicuous hepatocyte ballooning is in
accordance with a recent comprehensive histological

that elevated dietary cholesterol influences hepatocyte
TG secretion, perhaps by modifying cholesterol ester
[40,43]
and lipoprotein synthesis
. Hepatopathology
was further indicated by increased levels of plasma
transaminases, most consistently observed for ALT.
As persistently elevated ratios of AST:ALT has been
reported to associate to advanced fibrotic NASH
[44]
but not at milder disease stages , the moderate
changes in ALT and AST levels in DIO-NASH (and
ob/ob-NASH) mice presumably reflects the mildto-moderate disease severity in these two models.
Histological morphometry suggested a sequential
onset of NASH pathology in DIO-NASH mice, with
initial steatosis progressing to inflammation and
ballooning degeneration (from week 30). Quantitative
histology on steatosis (HE staining), inflammation
(galectin-3) and fibrosis (Col1a1) supported a distinct
temporal sequence of hepatopathological events in
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scoring study concluding that obese rodent models
of NASH do not entirely meet the histomorphological
[47]
criteria for human hepatocyte ballooning . As is seen
in the clinic, DIO-NASH mice represented all stages
of NAFLD and fibrosis for any dieting period ≥ 20 wk,
which confirms the highly individual fibrosis progression
[9,19]
in this model
. Notably, up to 30% of the animals
failed to develop steatohepatitis and fibrosis, and
the severity in histopathology did not become more
homogenous by extending AMLN dieting periods.
Similar disease variability has been reported in other
[12,13,48]
DIO mouse models of NASH
, which therefore
likely generalizes to all obese mouse models of fibrotic
steatohepatitis. Therefore, the use of a prebiopsy for
selection and stratification of in DIO-NASH models
not only substantiates the efficacy readouts, but also
allows for the employment of clinically relevant inclusion
criteria and stratification procedures.
In the present pharmacological study, inherent di
fferences in NASH pathology were therefore considered
by introducing liver biopsy-based histology for evaluating
NASH severity in all individual mice prior to introduction
of treatment. Only mice with biopsy-confirmed fibrotic
NASH were included in the study, and randomization
and stratification procedures were applied to equalize
mean levels of baseline NAS and fibrosis stage across
treatment groups. The present study evaluated the
pharmacodynamics of three individual compounds in
current advanced clinical development for NASH. The
selected compounds are representative of different drug
classes and therapeutic concepts and included agonists
for the GLP-1 receptor (liraglutide), FXR (OCA) and
[20-22]
PPAR-α/δ (elafibranor)
. We have recently reported
a comparative liver biopsy study on DIO-NASH and ob/
ob-NASH mice, which confirmed that ob/ob-NASH mice
[19]
generally display more marked fibrotic steatohepatitis .
Thus, potential differences in therapeutic efficacies as
a function of overall severity in hepatopathology were
addressed by applying identical treatment protocols to
both DIO-NASH and ob/ob-NASH mice.
The GLP-1 analog, liraglutide, which is currently
approved for the treatment of type 2 diabetes and
[24,25]
obesity
, reduced weight gain in both DIO-NASH
and ob/ob-NASH mice with concurrent improvements
in whole-body fat mass, hepatomegaly, liver lipid
deposition, and hypercholesterolemia, which is con
sistent with findings in other obese mouse models
[33,41]
of NASH
. The intrahepatic lipid-lowering effects
of liraglutide are likely secondary to the progressive
[49]
weight loss promoted by the GLP-1 agonist . This is
relevant, as weight loss per se is known to mediate
[50]
benefits on NAFLD endpoints . The present findings
are also in agreement with a previous study assessing
the effect of an exendin-4 analogue in ob/ob-NASH
[10]
mice . Liraglutide showed most marked effects on
hepatic gene transcriptional signatures associated
to the canonical effects of GLP-1 receptor agonists
on hepatic glucose metabolism and production. The
liver transcriptome analyses in DIO-NASH mice also
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suggested that liraglutide-induced improvements in
lipid metabolism was linked to activation of signaling
pathways involved in fatty acid degradation, oxidative
phosphorylation and cholesterol handling. Perturbations
in these signaling pathways could therefore potentially
trigger gene expression programs that favored reduced
hepatic free fatty acid uptake, as well as improving the
clearance of cholesterol and fatty acids, all of which
have been implicated in the pathogenesis of NASH.
In contrast to OCA and elafibranor, liraglutide did
not improve composite NAS in ob/ob-NASH mice. In
addition, liraglutide treatment did not influence fibrosis
and low-grade hepatocyte ballooning in either model,
indicating that GLP-1 receptor mediated amelioration
of hepatic lipid overload was perhaps not sufficient
to reduce morphological indices of more advanced
NASH. In contrast, total hepatic galectin-3 and Col1a1
levels were significantly lowered in both DIO-NASH
and ob/ob-NASH mice after liraglutide treatment,
consistent with the reduction in hepatomegaly. Overall,
the pharmacodynamics of liraglutide in the DIO-NASH
mice are in general agreement with a recent phaseII (LEAN) trial for NASH, where liraglutide treatment
promoted a significant weight loss (approximately 5%)
and improved NAS (lowered steatosis score) without
[20]
worsening of fibrosis stage . GLP-1 receptor agonists
have not shown significant effects on liver fibrosis
[8]
morphology in various mouse models of NASH . Future
studies must therefore aim to clarify if extended dosing
periods are required for detecting antifibrotic efficacy of
liraglutide, or whether the lack of a direct hepatic action
could be a limiting factor for influencing liver fibrosis in
obese mouse models of NASH.
OCA is a first-in-class selective synthetic FXR
agonist that is approximately 100-fold more potent
[27]
than its natural bile acid homologue . Nuclear FXRs
are abundantly expressed in the liver, intestine,
and adipose tissue, serving as primary sensors for
regulating enterohepatic bile acid flow. In the present
study, OCA reduced hepatomegaly and NAS scores
in both DIO-NASH and ob/ob-NASH mice. FXR
agonists, including OCA, have shown similar effects
in genetic and methinonine-choline deficient (MCD)
[13,15,51]
dietary models of NASH
. The improvement of
steatohepatitis in DIO-NASH mice corresponded to
reduced expression of genes that are important tran
scriptional targets of FXRs and regulate hepatocyte
[52]
lipid metabolism and macrophage activity . Whereas
several genes involved in cholesterol and lipoprotein
metabolism are transcriptional targets of hepatocyte
[53]
FXRs , it is not resolved whether FXR stimulation
directly activates master transcription factors that
controls the expression of genes involved in fatty acid
[54]
biosynthesis . As FXRs also suppress transcriptional
activity of several carbohydrate responsive genes, it is
assumed that FXR reduces TG levels mainly through
increasing plasma lipoprotein clearance and improving
[52-54]
hepatic insulin resistance
. The anti-inflammatory
effects of FXR are well-established. Accordingly, several
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studies have reported that FXR agonists, including
OCA, attenuate hepatic inflammation in high-fat fed
[15,51,55,56]
obese rodents
, and Fxr-null mice are highly
sensitive to develop severe steatohepatitis when fed
[57]
an obesogenic diet . OCA treatment also reversed
mild-stage hepatocyte ballooning in affected ob/obNASH mice. OCA has previously been reported to
reverse low-grade hepatocyte ballooning in mice fed
[13]
an atherogenic diet , and a different semisynthetic
FXR agonist (INT-767) has shown a similar effect in
[51]
non-fibrotic db/db mice . Interestingly, enhanced
hepatocyte ballooning is also reported in FXR-deficient
[57]
hypercholesterolemic mice , thus lending further
support to FXR-dependent hepatocyte protective effects.
As for liraglutide, OCA treatment did not influence
fibrosis morphometry, but reduced total hepatic Col1a1
expression due to reduced liver weight. A recent study
in ob/ob-NASH mice (fed AMLN diet for 8 wk) and
treated with a similar daily dose of OCA for 4 wk also
[58]
indicated no effect on liver fibrosis . In contrast,
antifibrotic effects of synthetic FXR agonists, including
OCA, have been demonstrated in more aggressive
[15,59]
models of fibrotic NASH
. It should, however, be
noted that OCA reduced all NAS components in ob/obNASH mice, suggesting that prolonged OCA treatment
might lead to improved fibrosis stage in this model. The
present data are in accordance with a recent phase-II
[21]
(FLINT) trial on OCA treatment for NASH , reporting
significant improvements of all NAS components
without worsening of fibrosis. The FLINT trial also
indicated no anti-obesity potential of OCA, analogous to
the observations in the present study.
PPARs constitute another family of ligand-activated
nuclear receptors. PPARs are abundantly expressed
in the liver (PPAR-α, PPAR-β/δ) and adipose tissue
(PPAR-δ, PPAR-γ), being prominent regulators of lipid
and glucose metabolism, but are also functional in
immune cells, including monocytes and macrophages
[60]
(PPAR-γ) . Several subtype-selective PPAR agonists
have been demonstrated to reduce experimental
[8]
fibrotic steatohepatitis, particularly in MCD mice . In
contrast, there is a sparsity in studies addressing effects
of PPAR agonists in more translational mouse models
of NASH. In DIO-NASH mice, elafibranor showed
similar efficacy in reducing body weight and steatosis
compared to liraglutide, however, the metabolic effects
of elafibranor were not accompanied by improvements
in liver weight. Accordingly, hepatomegaly was
either accentuated (DIO-NASH mice) or unaltered
(ob/ob-NASH mice) with elafibranor treatment. RNA
sequencing analysis indicated stimulation of PPAR and
peroxisomal signaling pathways in DIO-NASH mice, and
hepatocyte peroxisome proliferation and tumorigenesis
have been consistent findings in rodent studies with
[30]
PPAR-α agonists (including elafibranor) , but not
[61]
in humans . Notably, elafibranor improved NAS
scores with concomitant reductions in fibrosis stage,
also supported by corresponding liver transcriptome
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changes. In contrast, total Col1a1 and galectin-3
immunoreactivity was unaffected in elafibranortreated DIO-NASH mice due to the liver hypertrophic
effect. Elafibranor treatment also promoted marked
effects on hepatic signaling pathways associated with
lipid metabolism, mitochondrial energy harvesting,
inflammation, fibrogenesis and execution of cell
death programs. Other PPAR agonists, including
fibrates (bezafibrate, Wy-14,463; PPAR-α ligands),
thiazolidinediones (rosiglitazone, PPAR-γ ligand) and
GW501516 (PPAR-β/δ ligand), have been reported to
[14,62,63]
reduce fibrotic steatohepatitis in MCD mice
. PPAR
stimulation is suggested to ameliorate NASH primarily
by enhancing β-oxidation associated hepatic fatty
acid disposal, but anti-inflammatory and antifibrotic
mechanisms might also contribute to improvements
in liver histology independent on reduced hepatocyte
[63,64]
lipid accumulation
. In the present study, dual
PPAR-α/δ stimulation by elafibranor may thus improve
fibrosis stage in DIO-NASH and ob/ob-NASH mice by
resolving intrahepatic lipid deposition but also through
engagement of lipid metabolism-independent signaling
pathways. The pharmacokinetics of elafibranor has not
been reported in detail, but a preliminary study in rats
indicated elafibranor excretion in the bile suggestive
[29]
of extensive enterohepatic cycling . Elafibranor may
therefore be considered liver-targeted, which could
enhance treatment efficacy in DIO-NASH and ob/obNASH mice. The present data are in overall agreement
with a recent clinical phase-II study (GOLDEN-505)
[22]
on elafibranor treatment for NASH . Interestingly,
the improvements in mean NAS (approximately 2.5
points) and fibrosis score (approximately 0.5 points)
in elafibranor-treated NASH patients achieving the
modified primary outcome (no fibrosis worsening) was
on par with the reductions in NAS and fibrosis scores
determined in DIO-NASH and ob/ob-NASH mice. In
contrast to the weight neutral effect of elafibranor in
NASH patients, elafibranor markedly reduced body
weight in both DIO-NASH and ob/ob-NASH mice.
Whereas body weight loss has not been reported with
[65]
PPAR agonist treatment in humans , stimulated
PPAR-α and PPAR-δ function has been associated with
weight loss, appetite suppression and reduced tissue
[66-68]
lipid deposition in obesity-prone mice
, which could
imply species-dependent metabolic effects of PPAR
agonists.
In conclusion, the present comparative pharma
cological study in diet-induced and genetically obese
mouse models of biopsy-confirmed NASH indicated
both shared and distinct anti-NASH effects of liraglutide,
OCA, and elafibranor. The anti-NASH effects of the
compounds corresponded well to their individual modes
of action, and were also in concordance to histological
findings in clinical trials for NASH. The present data
therefore further supports the clinical translatability and
utility of DIO-NASH and ob/ob-NASH mouse models of
NASH in preclinical drug development.
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Abstract
AIM
To characterize the efficacy of the dual FXR/TGR5
receptor agonist INT-767 upon histological endpoints in
a rodent model of diet-induced and biopsy-confirmed
non-alcoholic steatohepatitis (NASH).

Institutional animal care and use committee statement: All
animal experiments conformed to the internationally accepted
principles for the care and use of laboratory animals (licence no.
2013-15-2934-00784, The Animal Experiments Inspectorate,
Denmark).

METHODS
The effects of INT-767 on histological features of NASH
ob/ob
were assessed in two studies using Lep
(ob/ob )
NASH mice fed the AMLN diet (high fat with transfat, cholesterol and fructose). In a proof-of-concept

Conflict-of-interest statement: Jonathan Roth and Mark Young
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ob/ob

study, Lep
(ob/ob ) NASH mice were first dosed
with INT-767 (3 or 10 mg/kg for 8 wk). A second
ob/ob NASH study compared INT-767 (3 and 10 mg/kg)
to obeticholic acid (OCA) (10 or 30 mg/kg; 16 wk).
Primary histological endpoints included qualitative and
quantitative assessments of NASH. Other metabolic and
plasma endpoints were also assessed. A comparative
assessment of INT-767 and OCA effects on drug
distribution and hepatic gene expression was performed
in C57Bl/6 mice on standard chow. C57Bl/6 mice were
orally dosed with INT-767 or OCA (1-30 mg/kg) for
2 wk, and expression levels of candidate genes were
assessed by RNA sequencing and tissue drug levels
were measured by liquid chromatography tandem-mass
spectrometry.

that INT-767 is a more potent FXR receptor agonist,
and is expected to have therapeutic effects at lower
doses than OCA.
Roth JD, Feigh M, Veidal SS, Fensholdt LKD, Rigbolt KT,
Hansen HH, Chen LC, Petitjean M, Friley W, Vrang N, Jelsing J,
Young M. INT-767 improves histopathological features in a dietinduced ob/ob mouse model of biopsy-confirmed non-alcoholic
steatohepatitis. World J Gastroenterol 2018; 24(2): 195-210
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i2/195.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i2.195

INTRODUCTION

RESULTS
INT-767 dose-dependently (3 and 10 mg/kg, PO, QD,
8 wk) improved qualitative morphometric scores on
steatohepatitis severity, inflammatory infiltrates and
fibrosis stage. Quantitative morphometric analyses
revealed that INT-767 reduced parenchymal collagen
area, collagen fiber density, inflammation (assessed
by Galectin-3 immunohistochemistry) and hepatocyte
lipid droplet area following INT-767 treatment. In a
comparative study (16 wk), the FXR agonists OCA (10
and 30 mg/kg) and INT-767 (3 and 10 mg/kg) both
improved NASH histopathology, with INT-767 exerting
greater therapeutic potency and efficacy than OCA.
Mechanistic studies suggest that both drugs accumulate
similarly within the liver and ileum, however, the effects
of INT-767 may be driven by enhanced hepatic, but not
ileal, FXR function.

Nonalcoholic fatty liver disease (NAFLD) is considered
the hepatic manifestation of the metabolic syndrome,
a cluster of closely related clinical features linked to
visceral obesity and characterized by insulin resistance,
dyslipidemia, and hypertension. While steatosis can
be considered a relatively benign liver disease, for
reasons that are still incompletely understood, a
subgroup of NAFLD patients go on to develop nonalcoholic steatohepatitis (NASH), which is marked by
hepatocellular injury, inflammation, and progressive
fibrosis. It is estimated that the prevalence of
progression from NAFLD to NASH is 10% to 20% in
the general population; 37% in the high-risk, severe
obese population; and 40% to 55% in patients at
[1]
tertiary care centers . Several factors have been
implicated in the development of NAFLD, including
sensitization due to excessive liver triglyceride
[2]
accumulation coupled with insulin resistance .
In addition to their roles in dietary lipid absorption
and cholesterol homeostasis, bile acids activate many
signaling pathways, including the ligand-activated
[3]
nuclear farnesoid X receptor FXR and the plasma
[4,5]
membrane-bound G protein-coupled receptor TGR5 .
FXR and TGR5 represent attractive targets for the
treatment of metabolic and chronic liver diseases.
FXR is predominantly expressed in the liver, kidney
and intestine, with a major role in controlling bile
acid homeostasis. FXR activation suppresses NF‑κB–
regulated pro-inflammatory genes in hepatocytes
and vascular cells, as well as inflammatory mediators
such as cyclooxygenase-2 (COX-2) and inducible
[6-8]
nitric oxide synthase (iNOS) . FXR activation also
inhibits production of tumour necrosis factor-alpha
(TNF-α) by human peripheral blood mononuclear cells
and human monocytes, and inhibits differentiation of
[8]
human monocytes into dendritic cells . Furthermore,
FXR activation inhibits production of TNF-α, interleukin
(IL)-17, and interferon gamma (IFN-γ) in lymphocyteenriched human intestinal lamina propria cells,
suggesting that FXR function participates in preserving
[9]
the intestinal barrier . Although not expressed in
hepatocytes, TGR5 is detected in many liver cell types

CONCLUSION
These findings confirm the potential utility of FXR
and dual FXR/TGR5 activation as disease intervention
strategies in NASH.
Key words: Non-alcoholic steatohepatitis; INT-767;
Obeticholic acid; Liver biopsy; FXR; TGR5; Mouse
model
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The studies contained herein evaluated
the preclinical efficacy of INT-767, a dual FXR/TGR5
agonist, in a mouse model of diet-induced and biopsyconfirmed non-alcoholic steatohepatitis (NASH).
Rigorous analyses for NASH histological endpoints and
markers were conducted including blinded qualitative
and quantitative scoring using standard microscopy as
well as advanced morphometric fibrosis and steatosis
features using second harmonic generation imaging
and two-photon fluorescence excitation. INT-767
promoted dose-dependent improvements in fibrosis,
steatosis, inflammation and ballooning degeneration.
The effects of INT-767 and obeticholic acid (OCA) were
also compared for histological efficacy, gene expression
and tissue distribution. The preclinical data suggest
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where it could directly or indirectly modulate hepatic
[10]
lipid metabolism . TGR5 is highly expressed in
[11]
Kupffer cells, which are resident liver macrophages ,
and their proinflammatory cytokine secretion has been
[12]
implicated in the progression of NAFLD . In Kupffer
cells, bile acids inhibit lipopolysaccharide-induced
cytokine expression via TGR5-cAMP-dependent
[11]
pathways . The increased TGR5 expression in Kupffer
cells after bile duct ligation suggests a protective
role for TGR5 in obstructive cholestasis, preventing
excessive proinflammatory cytokine production and
[11]
thereby reducing liver injury .
[13]
INT-767 is a semisynthetic bile acid derivative
being developed for the treatment of liver and
metabolic diseases and is the first compound described
that potently and selectively activates both bile acid
receptors (FXR, EC50 of approximately 30 nmol/L;
TGR5, EC50 of 0.6 μmol/L). INT-767 is approximately
300-fold more potent at FXR than the natural
homologue, chenodeoxycholic acid (CDCA), and 4- to
12-fold more potent at TGR5 than the natural TGR5
[13]
agonist lithocholic acid (LCA) . INT-767 has been
profiled in several animal models and shown to improve
metabolism and decrease inflammation and fibrosis.
For example, INT-767 reduced atherosclerotic plaque
formation by preventing hyperlipidemia and inhibiting
pro-inflammatory cytokine production in macrophages
[14]
in a mouse model of hypercholesterolemia . INT-767
also prevented proteinuria, podocyte injury, fibronectin
accumulation and TGF-α accumulation associated with
[15]
age-related kidney disease . Most relevant to NASH
was the finding that INT-767 treatment of obese db/db
mice with NAFLD improved liver histopathology, and
modulated intrahepatic macrophage populations to a
[16]
less inflammatory phenotype .
While these results are encouraging, prior studies
have not explicitly assessed the effects of INT-767
in mice with biopsy-confirmed histological features
ob/ob
of NASH. Lep
(ob/ob) mice have been shown to
be consistently prone to fibrosis when cholesterol
(2%) and trans-fatty acids (45% of total fat amount)
are added to a high-caloric diet (termed AMLN diet;
Trevaskis, 2012; based on the American LifestyleInduced Obesity Syndrome mouse model developed
[17]
by Tetri and colleagues ). With reference to standard
clinical practice, biopsy-confirmation procedures have
successfully been applied to ob/ob mice fed the AMLN
diet (hereafter referred to as ob/ob-NASH mice) for
staging of baseline liver pathology to equalize NASH
severity in the experimental groups and perform
within-subject comparisons during the course of drug
[18,19]
treatment
. Thus, the present studies evaluated
the efficacy of INT-767, administered for 8 wk in ob/obNASH mice. Rigorous analyses for NASH histological
endpoints and markers were conducted including
blinded qualitative and quantitative scoring using
standard microscopy as well as advanced morphometric
fibrosis and steatosis features using second harmonic
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generation imaging and two-photon fluorescence
excitation (SHG/2-PE). The effects of INT-767 and
obeticholic acid (OCA) were also compared in a longerterm (16 wk) head-to-head study, as well as in shorter
studies (2 wk) comparing hepatic and ileal tissue drug
concentration and gene expression profiles.

MATERIALS AND METHODS
Animals

All animal experiments conformed to the internationally
accepted principles for the care and use of laboratory
animals (license no. 2013-15-2934-00784, The Animal
Experiments Inspectorate, Denmark). C57Bl6/J and
ob
B6.V-Lep /JRj (ob/ob) mice (5-6 wk-old) were from
Janvier Labs (Le Genest Saint Isle, France) and housed
in a controlled environment (12 h light/dark cycle, light
on at 3 AM, 21 ℃ ± 2 ℃, humidity 50% ± 10%). Each
animal was identified by an implantable microchip
(PetID Microchip, E-vet, Haderslev, Denmark).
Mice had ad libitum access to tap water and either
regular rodent chow (C57Bl6/J mice, Altromin 1324,
Brogaarden, Hoersholm, Denmark), or a diet high in
fat (ob/ob mice, 40%, containing 18% trans-fat), 40%
carbohydrates (20% fructose) and 2% cholesterol
(AMLN diet; D09100301, Research Diets, New
[19]
Brunswick, NJ) . ob/ob mice (n = 87) were fed the
AMLN diet for 9 or 15 wk prior to treatment start and
during drug treatment. All ob/ob animals underwent
liver biopsy prior to treatment, see below.

Baseline liver biopsy

The biopsy procedure was applied to all mice appro
ximately three weeks before completion of the dieting
[19]
period, as detailed previously . In brief, mice were
anesthetized with isoflurane, a small abdominal
incision in the midline was made, and the left lateral
lobe of the liver was exposed. A cone-shaped wedge
of liver tissue (50-100 mg) was excised from the distal
part of the lobe. The cut surface of the liver was closed
by electrosurgical bipolar coagulation. The liver was
returned to the abdominal cavity, the abdominal wall
®
was sutured and skin stapled. Carprofen (Rimadyl , 5
mg/mL, 0.01 mL/10 g; Pfizer, NY) and enrofloxazin (5
mg/mL, 1 mL/kg, i.p.) were administered at the time
of surgery and at post-operative day one and two.
Animals were single-housed after the procedure and
recovered for three weeks prior to treatment.

Drug treatment

INT-767 and OCA (Intercept Pharmaceuticals, New
York, NY, United States) were dissolved in 0.5%
carboxymethyl cellulose, and orally administered in
a dosing volume of 5 mL/kg. Animals were stratified
(n = 11-12 per group) based on mean fibrosis as
assessed by collagen 1a1 staining. In one study, after
15 wk on diet mice were treated with INT-767 (3.0 or
10 mg/kg) for 8 wk. In a second study, after 9 wk on
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diet mice were treated with either vehicle, INT-767 (3.0
or 10 mg/kg), or OCA (10 or 30 mg/kg) for 16 wk. A
longer duration of administration was selected for this
second study to (a) examine the durability of INT-767
NASH histological improvements, and (b) because in
our experience OCA requires extended dosing (e.g.,
at least 12 wk at 10-30 mg/kg) to elicit histological
anti-fibrotic responses (data on file) and shorter
treatment periods with OCA are not always sufficient
[20]
to promote antifibrotic effects in ob/ob-NASH mice .
For analysis of liver and intestinal compound levels,
as well as hepatic gene expression, lean C57Bl6 mice
received INT-767 (1-3-10-30 mg/kg, PO, QD) or OCA
(1-3-10-30 mg/kg, PO, QD) for 14 d.

applied for scoring of steatosis (score 0-3), lobular
inflammation (score 0-3), hepatocyte ballooning
[21]
(score 0-2), and fibrosis (stage 0-4) . Mice with
fibrosis stage ≥ 1 and steatosis score ≥ 2 were
included in the study. Liver sections stained for fat,
Col1a1, galectin-3 and laminin were analyzed using
digital imaging software (Visiomorph®, Visiopharm,
Hørsholm, Denmark). Immunoreactive fractional area
was expressed relative (%) to total parenchymal area
by subtracting corresponding fat area determined on
adjacent HE-sections. In addition, deparaffinized and
unstained tissue sections of similar thickness where
imaged by second harmonic generation (SHG, label
free, specific to collagen 1 and 3, in transmission at
780 nm) and concurrently by 2-photon fluorescence
excitation (2-PE at 780 nm, collected at 550 ± 88 nm to
delineate the tissue structure). Both optical methods were
performed on a mid-throughput, fully automated,
nonlinear optical imaging system at 20 X objective
and 0.39 μ m resolution (Genesis 200 ® , His
[22]
toIndex, Singapore), as described previously .
Fat droplets appear as circular dark objects (no
intrinsic fluorescence) and can thus be segregated
from the parenchyma and quantified (droplet count,
area, eccentricity, and size), Collagen fiber data (area,
density, reticulation index) were expressed relative (%)
to corresponding parenchymal area. The collagen fiber
network complexity (reticulation index) was expressed,
as the ratio of skeleton fibers nodes to the total length
of the equivalent skeleton. Imaging parameters
(laser intensity, photomultiplier tube gains, scanning)
and image analysis parameters (signal intensity and
morphometric thresholding and pruning) where kept
constant for the entire study after optimization. SHG
was optimized to use the full 8-bit dynamic range of
the instrument and avoid saturation. All histological
assessments were performed by pathologists and
operators blinded to the experimental groups.

Body weight and body composition analysis

Body weight was monitored once daily during the
intervention period. Whole-body fat mass was
analyzed at baseline (week -1) and week 8 of the
intervention period by non-invasive EchoMRI scanning
using EchoMRI-900 (EchoMRI, Houston, TX).

Plasma and liver biochemistry

Plasma and liver biochemistry was assessed according
[19]
to methods described in detail previously . Baseline
and terminal blood samples from non-fasted mice
were assayed for blood glucose levels as well as
plasma concentrations of alanine aminotransferase
(ALT), aspartate aminotransferase (AST), triglycerides
(TG), total cholesterol (TC), and insulin. Terminal liver
samples (about 100 mg) were analyzed for TG and TC
content.

Oral glucose tolerance test

An oral glucose tolerance test (OGTT) was performed
in week 4 of the treatment period according to
[19]
previously reported procedures . In brief, animals
were fasted for 4 h prior to the OGTT. At t = 0 an oral
glucose load (2 g glucose/kg) was administered via
oral gavage. Succesive blood samples for measuring
blood glucose (BG) were collected from the tail vein at
t = 0, 15, 30, 60 and 120 min. Glucose area-underthe-curve (AUC) was determined from the sampling
period of 0 to 120 min.

LC/MS/MS determination of compound levels in liver
and ileum

A mass dependent volume of homogenization solution
(seven volumes of 80/20 ACN/HBSS) was added to
each tube containing a pre-weighed, intact tissue
specimen. Tissue samples were homogenized using
an Omni Bead Ruptor 24 tissue homogenizer set
to 4 m/s for two cycles of 30 s each. Sample tubes
were centrifuged at 3500 rcf for 3 min and a 200
μL aliquot of supernatant was transferred to a 96
deep-well plate. Samples were dried down under
nitrogen and reconstituted in 60/40 methanol/10
mmol/L ammonium acetate containing 25 nmol/L
of d5-GCA internal standard. Reconstituted samples
were transferred to a Millipore 0.45 μm filter plate
(Millipore MSHVN45) and filtered into a Costar 3957
plate by centrifugation and sealed with a silicone
capmat prior to LC-MS/MS analysis. This extract was
injected onto an UHPLC system equipped with a ultra-

Liver histology and digital image analysis

Baseline liver biopsy and terminal samples (both
from the left lateral lobe) were fixed overnight in
4% paraformaldehyde. Liver tissue was paraffinembedded and sectioned (3 μm thickness). Sections
were stained with hematoxylin-eosin (HE), PicroSirius
Red (PSR, Sigma-Aldrich, Broendby, Denmark), antitype I collagen (Col1a1; cat. 1310-01, Southern
Biotech, Birmingham, AL), anti-galectin-3 (cat. 125402,
Biolegend, San Diego, CA, United States), or antilaminin (cat. Z0097, Agilent Technologies, Glostrup,
[19]
Denmark) using standard procedures . The NAFLD
activity score (NAS) and fibrosis staging system was
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Table 1 Effect of 8 wk of treatment with INT-767 on metabolic parameters, non-alcoholic fatty liver disease activity score/fibrosis
stage, body weight/composition, and liver weight in ob/ob -NASH mice
Vehicle, (n = 10)
Baseline plasma ALT (U/L)
Terminal plasma ALT (U/L)
Baseline plasma AST (U/L)
Terminal plasma AST (U/L)
Baseline plasma TC (mmol/L)
Terminal plasma TC (mmol/L)
Baseline plasma TG (mmol/L)
Terminal plasma TG (mmol/L)
Terminal liver TC (mg/g tissue)
Terminal liver TG (mg/g tissue)
Fasting blood glucose (week 4, mmol/L)
OGTT, glucose AUC (week 4, mmol/L × min)
Fed blood glucose (week 8, mmol/L)
Fed plasma insulin (week 8, pmol/L)
Baseline steatosis score
Terminal steatosis score
Baseline inflammation score
Terminal inﬂammation score
Baseline ballooning degeneration score
Terminal ballooning degeneration score
Baseline NAFLD activity score (NAS)
Terminal NAFLD activity score (NAS)
Baseline fibrosis stage
Terminal fibrosis stage
Terminal steatosis (% area)
Terminal fibrosis (% area)
Baseline BW (g)
Terminal BW (g)
Body weight change (%, relative to day 0)
Baseline whole-body lean mass (g)
Terminal whole-body lean mass (g)
Baseline whole-body lean mass (% of BW)
Terminal whole-body lean mass (% of BW)
Baseline whole-body fat mass (g)
Terminal whole-body fat mass (g)
Baseline whole-body fat mass (% of BW)
Terminal whole-body fat mass (% of BW)
Terminal liver weight (g)
Terminal liver weight (% of BW)

577 ± 43.4
670 ± 58.9
436 ± 36.7
552 ± 49.4
10.3 ± 0.8
10.7 ± 0.5
0.8 ± 0.0
0.7 ± 0.0
32.9 ± 1.7
233 ± 12.3
7.6 ± 0.1
1318 ± 61
7.1 ± 0.2
567 ± 133
3.0 ± 0.0
3.0 ± 0.0
2.5 ± 0.1
2.3 ± 0.1
0.6 ± 0.1
0.9 ± 0.1
6.1 ± 0.2
6.2 ± 0.2
2.7 ± 0.2
2.7 ± 0.1
41.1 ± 1.0
15.9 ± 0.9
49.8 ± 0.7
54.6 ± 0.8
109 ± 1.3
14.0 ± 0.4
17.3 ± 0.4
28.2 ± 0.6
31.9 ± 0.6
18.5 ± 0.4
22.5 ± 0.4
37.2 ± 0.7
41.4 ± 0.5
5.4 ± 0.2
9.8 ± 0.3

INT-767, 3 mg/kg (n = 10)
552 ± 36.1
478 ± 33.9
421 ± 16.7
447 ± 38.8
10.3 ± 0.8
9.2 ± 0.3
0.8 ± 0.1
0.6 ± 0.0
24.0 ± 1.1d
229 ± 15.4
8.2 ± 0.2
1304 ± 38
6.8 ± 0.2
482 ± 122
2.9 ± 0.1
3.0 ± 0.0
3.0 ± 0.0
2.2 ± 0.2
0.7 ± 0.1
0.7 ± 0.1
6.3 ± 0.2
5.9 ± 0.2
2.6 ± 0.1
2.5 ± 0.1
40.6 ± 1.6
13.6 ± 0.8
48.2 ± 1.0
52.6 ± 0.8
107 ± 2.1
14.6 ± 0.3
17.6 ± 0.5
30.3 ± 0.6
33.9 ± 0.9
18.5 ± 0.7
21.0 ± 0.7
38.4 ± 1.2
40.4 ± 0.9
4.9 ± 0.1
9.4 ± 0.2

INT-767, 10 mg/kg (n = 10)
498 ± 27.3
250 ± 21.6b,f
359 ± 15.6
257 ± 42.3e,f
11.1 ± 0.3
7.2 ± 0.4e,f
0.8 ± 0.1
0.6 ± 0.1
18.0 ± 1.5f
149 ± 14.0d
8.0 ± 0.3
1417 ± 78
7.3 ± 0.3
799 ± 229
2.9 ± 0.1
1.8 ± 0.2f
3.0 ± 0.0
1.0 ± 0.1f
0.8 ± 0.1
0.2 ± 0.1f
6.4 ± 0.2
3.0 ± 0.3f
2.6 ± 0.1
1.6 ± 0.1f
24.8 ± 2.3f
8.9 ± 0.6f
49.4 ± 1.3
51.3 ± 1.8
103 ± 2.3
14.4 ± 0.4
17.2 ± 0.2
29.1 ± 0.6
33.6 ± 0.8
19.5 ± 0.7
19.3 ± 0.7e
39.4 ± 0.6
37.5 ± 0.7e
4.1 ± 0.1f
8.0 ± 0.3d

Morphometric scores were analyzed by a χ 2 test compared to vehicle. All other data were analyzed by a two-way ANOVA with Bonferroni’s post-hoc test (aP
< 0.05, bP < 0.01, eP < 0.001; vs baseline. cP < 0.05, dP < 0.01, fP < 0.001, vs vehicle).

high resolution, accurate mass, mass spectrometer
(UHRAM) (Thermo Fisher Scientific Q Exactive with
Ion Max M2 with HESI-Ⅱ probe) detector operated in
negative electrospray mode. Separation of test article
from extracted matrix materials was accomplished
using a Thermo Fisher Hypersil Gold C18 column (1
mm x 100 mm, 1.9 μm particle size) operating at
45 ℃. The gradient mobile phase system consisted of
0.25 mmol/L ammonium acetate in 40% methanol
(mobile phase A) and 0.25 mmol/L ammonium acetate
in 95% methanol (mobile phase B) at a total flow rate
of 0.100 mL/min.
Twenty analytical runs were performed during the
study sample analysis. Calibration standards, prepared
in matrix matched mouse control tissues purchased
from BioreclamationIVT (Baltimore, MD), were used
to construct standard curves for all analytes. Typically,

WJG|www.wjgnet.com

quadratic weighted (1/x) regression analysis of peak
area ratio vs theoretical concentration was used to
produce calibration curves.

RNA sequencing

Hepatic and ileal transcriptome analysis was performed
by RNA sequencing on RNA extracts from terminal
[19]
liver samples, as described . RNA sequence libraries
were prepared with NeoPrep (Illumina, San Diego,
CA, United States) using Illumina TruSeq stranded
mRNA Library kit for NeoPrep (Illumina, San Diego,
CA, United States) and sequenced on the NextSeq 500
(Illumina, San Diego, CA, United States) with NSQ 500
hi-Output KT v2 (75 CYS, Illumina, San Diego, CA,
United States). Reads were aligned to the GRCm38
v84 Ensembl Mus musculus genome using STAR
[23]
v.2.5.2a with default parameters . Differential gene
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Figure 1 INT-767 treatment for 8 wk improves liver histopathology in ob/ob -NASH mice with biopsy-confirmed liver pathology. A: Composite NAS and
fibrosis stage before and after treatment intervention; B: Representative HE and PSR stainings. aP < 0.05, bP < 0.001 ( χ 2 test, vs vehicle controls).
[24]

expression analysis was performed with DEseq215

.

ob/ob-NASH mice. INT-767 10 mg/kg significantly
reduced steatosis, inflammation and hepatocyte
ballooning degeneration scores compared to vehicle
controls (Table 1). All INT-767 (10 mg/kg) treated
mice exhibited reductions in NAS and fibrosis stage
(Figure 1, Table 1). In contrast, ob/ob-NASH control
mice maintained composite NAS and fibrosis scores
compared to pre-treatment levels. INT-767 also
reduced quantitative hepatic collagen and fat, as
indicated by lowered Col1a1 immunoreactivity (Figure
2B) and liver fat area (Figure 3B). This reduction of
collagen and fat by INT-767 was also shown in the
IHC staining images (Figures 2A and 3A, respectively)
and confirmed by label free SHG/2-PE images and
processed images for fat content (Figures 2C and 3C,
respectively).
SHG/2-PE morphometric assessments of collagen
were positively correlated with Col1a1 assessment by
2
immunohistochemistry (r = 0.88, P <0.0001) and
demonstrated that INT-767 predominantly impacted
collagen fiber density, but not collagen fiber network
complexity (reticulation index, Figure 2D). With
respect to steatosis, INT-767 reduced mean fat droplet
area, but not droplet count (Figure 3D). The size
distribution of fat droplets in INT-767 treated ob/obNASH mice were left-shifted, suggesting a vesicular
fat redistribution towards a less macro-steatotic
phenotype (Figure 4).

Statistical analysis

All data were analyzed using GraphPad Prism 5.0
(GraphPad Software, La Jolla, CA, United States).
Results are presented as mean ± SE. A chi-square
2
(χ ) test was used to test for within-subject changes in
qualitative histology scores before and after treatment,
compared to vehicle controls. Responders were
defined as having a ≥ 1 point change in the indicated
score. An unpaired two-tailed t-test was applied to
quantitative histological analyses after treatment. A
two-way ANOVA with Bonferroni’s post-hoc test was
used for analysis of changes in gene expression and
quantitative histology analytes (fractional area of fat,
galectin-3, and Col1a1) before and after treatment,
compared to vehicle controls. A P-value less than 0.05
was considered statistically significant.

RESULTS
INT-767 improves liver histopathology after 8 wk of
treatment in ob/ob-NASH mice

All ob/ob-NASH mice included in the experiment had
liver biopsy-confirmed NASH (NAS 5-7) and fibrosis
(stage 1-4) prior to initiation of treatment (Table 1).
INT-767 promoted dose-dependent improvements
in liver histopathology after eight wk of treatment in
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Figure 2 INT-767 treatment for 8 wk reduces hepatic collagen deposition in ob/ob-NASH mice with biopsy-confirmed liver pathology. A: Collagen 1a1
(immunohistochemistry); B: Fractional area of collagen (immunohistochemistry); C: Label free SHG/2-PE images for collagen fiber deposition (green) in hepatic
parenchyma (red). Data are expressed as % of total parenchymal area (subtraction of fat area); D: Fractional area of collagen fiber, collagen fiber density, and
collagen fiber reticulation index (SHG analysis). aP < 0.05, bP < 0.01, cP < 0.001 (unpaired t-test).

In line with these morphometric changes, and
[25]
similar to PPAR agonists , INT-767 10 mg/kg si
gnificantly reduced mRNA levels of cell death-inducing
DNA fragmentation factor alpha-like effector c (CIDEC;
a lipid-droplet associated protein that promotes
intracellular storage) relative to vehicle (in RPKM,
109.4 ± 10 (vehicle) vs 40.8 ± 10.8 (INT-767), P =
0.0018).
The liver histological changes with INT-767 (10
mg/kg) treatment were accompanied by significant
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improvements in liver enzymes (ALT and AST).
INT-767 also reduced whole-body fat mass (without
changing body weight), hepatomegaly and intrahepatic
concentrations of TC and TG (Table 1). In addition,
INT-767 reduced terminal liver concentrations of TC
and TG, and plasma TC (Table 1).

INT-767 and obeticholic acid show similar hepatic and
ileal distribution in C57Bl6 mice

Hepatic and ileal concentrations of INT-767 and OCA
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Table 2 INT-767 and obeticholic acid improve liver histomorphology in ob/ob -NASH steatohepatitis mice with biopsy-confirmed
liver pathology
Treatment
Vehicle ( = 11)
OCA 10 mg/kg ( = 12)
OCA 30 mg/kg ( = 11)
INT-767 3.0 mg/kg ( = 12)
INT-767 10 mg/kg ( = 11)

No improvement
11
10
7
12
2

Fibrosis stage
With improvement
0
2
4
0
9

% improving
0%
17%
36%a
0%
82%a

1

No improvement
11
8
0
7
0

NAS
With improvement
0
4
11
5
11

% improving
0%
33%
100%a
42%a
100%a

1

Subjects (%) achieving > 1points improvement in score from baseline; aP < 0.05 vs vehicle (χ 2 test).
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Figure 3 INT-767 treatment for 8 wk reduces hepatic lipid deposition in ob/ob-NASH mice with biopsy-confirmed liver pathology. A: Liver lipid (HE staining);
B: Fractional area of liver fat (HE staining); C: Processed (color coded) images to display hepatic lipid content. Lipid droplets (white), rejected structures (yellow),
collagen (green), auto-fluorescence (blue); D: Fractional area of liver lipid area ratio (%), lipid droplet number (count in 15 mm2 tissue area), and lipid droplet area (1
pixel = 0.39 μm, 2-PE analysis). bP < 0.001 (unpaired t-test).
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Table 3 INT-767 and obeticholic acid improve quantitative liver histopathology in ob/ob -NASH mice
Treatment

Lipid (steatosis)

Vehicle (n = 11)
OCA 10 mg/kg (n = 12)
OCA 30 mg/kg (n = 11)
INT-767 3.0 mg/kg (n = 12)
INT-767 10 mg/kg (n = 11)

Before treatment
33.0 ± 0.9
33.4 ± 0.8
32.2 ± 1.1
33.0 ± 0.9
33.7 ± 0.8

After treatment
30.4 ± 0.9
31.8 ± 0.4
22.7 ± 1.0a
29.4 ± 1.3a
12.5 ± 1.5a

Galectin-3 (inflammation)
% fractional area
Before treatment
After treatment
5.7 ± 0.5
7.8 ± 0.5
5.5 ± 0.3
5.0 ± 0.2a
5.5 ± 0.4
4.0 ± 0.4a
5.6 ± 0.5
5.4 ± 0.2a
5.6 ± 0.3
2.9 ± 0.1a

Collagen 1a1 (fibrosis)
Before treatment
1.2 ± 0.3
0.9 ± 0.1
1.2 ± 0.2
1.2 ± 0.2
0.9 ± 0.2

After treatment
12.1 ± 0.4
9.0 ± 0.6a
8.0 ± 0.7a
8.5 ± 0.6a
5.0 ± 0.3a

Fractional area (mean ± SE) at the end of study; aP < 0.05 vs vehicle (two-way ANOVA, Bonferroni’s post-hoc test).
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Figure 4 Histogram depicting lipid droplet size distribution in INT-767 vs vehicle treated ob/ob-NASH mice. The “equivalent diameter” is the diameter of a
circle of equivalent area as the one measured on the image (often not a perfect circle). Unit is in pixels, with 1 pixel = 0.39 μm.

INT-767 shows greater efficacy than obeticholic acid on
liver histopathology after 16 wk of treatment in ob/obNASH mice

were determined after 14 d of dosing (1-30 mg/kg,
PO) in chow-fed C57Bl6 mice only. Both compounds
showed similar dose-dependent increases in hepatic
and ileal exposure. For both compounds, ileal drug
concentrations were approximately two-fold higher
compared to the liver (Figure 5).

Given that INT-767 showed similar efficacy on hepatic
FXR target gene expression, albeit at a lower dose
compared to OCA (see above), a comparative study
on the pharmacodynamics of potency-adjusted doses
of INT-767 (3.0, 10 mg/kg) and OCA (10, 30 mg/kg)
was performed in ob/ob-NASH mice. To better capture
effects on progression of fibrosis, treatment was
initiated in ob/ob-NASH mice fed AMLN diet for 6 wk (vs
12 wk in the previous study) and these mice presented
with milder baseline NASH (NAS ≥ 4, fibrosis ≥ stage
1). All tested doses of INT-767 and OCA significantly
reduced composite NAS, as compared to baseline
(Figure 7 and 8). Administration of the highest doses of
each compound effectively reduced NAS in all treated
ob/ob-NASH mice (Table 2), but also significantly

Impact on INT-767 and obeticholic acid on ileal and
hepatic FXR target gene expression in C57Bl6 mice

Based on RNAseq data, prototypic FXR target genes
were selected for analysis upon acute dosing of
INT-767 and OCA (1-30 mg/kg, PO) in C57Bl6 mice.
Both INT-767 and OCA regulated hepatic FXR genes,
however, INT-767 more strongly regulated these genes
at the highest dose administered (Figure 6A-D). By
contrast, within the ileum, OCA had more pronounced
effects that INT-767 to stimulate SHP and FGF-15
(Figure 6E and F).
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Figure 5 INT-767 and obeticholic acid (OCA) distribute similarly in the liver and ileum after 2 wk of administration in lean C57Bl/6 mice. A: Liver
concentration; B: Ileum concentration.

reduced fibrosis scores in the animals (Figure 7 and 8).
The ratio of mice achieving > 1 points improvement in
score from baseline were 82% (9/11 animals, INT-767
10 mg/kg) and 57% (4/7 animals, OCA 30 mg/kg),
see Table 2.
INT-767 and OCA showed corresponding effects
on quantitative measures (fractional area) of hepatic
steatosis (lipid %), inflammation (galectin-3 %), and
collagen deposition (Col1a1 %) in ob/ob-NASH mice.
INT-767 showed consistently greater maximal effects
on all three parameters, as compared to OCA (Figure 9,
Table 3).

(10/10 mice). Eight weeks of treatment with INT-767
3 mg/kg was a subthreshold dose for eliciting changes
in liver histology in ob/ob-NASH mice, which is
consistent with low levels of hepatic and ileal exposure
of INT-767 (see below) and minimal transcriptional
regulation of FXR target genes. Although 3 mg/kg
INT-767 was ineffective when initiated after 12 wk
on the diet, some efficacy was noted when this lower
dose was initiated after 6 wk on the diet and over a
longer duration in ob/ob-NASH mice (OCA vs INT-767
comparison study). In sum, blinded qualitative his
tological assessments of NAS and fibrosis confirmed
the efficacy of INT-767 in diet-induced and biopsyconfirmed NASH mice.
Although not validated for preclinical use, the
human NAS system is largely reproducible in NAFLD
mouse models and has been applied in the preclinical
assessment of liver histological responses to test
[27]
compounds . Despite widespread use, inherent
limitations of this method are associated with the
subjective qualitative scoring technique (e.g., intraand inter-observer error, mistaking stage scores for
measurements), misapplication of statistical analyses
(e.g., ANOVAs on non-numerical data), and categorical
data tend to provide a relative narrow window for
[28]
detecting treatment effects . Additionally, qualitative
scoring of disease stage largely assesses architectural
changes but is not a quantitative measurement of
the degree of fibrosis. Given the link between fibrosis
[29]
progression and long-term outcomes in NASH , more
detailed and quantitative assessments of fibrosis are
warranted.
To gain further insight into INT-767-induced his
tological improvements in ob/ob-NASH mice, mor
phometric features of fibrosis were measured using
[22]
SHG/2-PE microscopy . SHG-2PE is a label-free
sensitive imaging method for the detection of tissue
structural dissymmetry and for imaging and quantitative
assessment of collagen fiber specifically with noncentrosymmetric structures like collagen 1 and 3 which

DISCUSSION
Multiple methods were used to rigorously characterize
the effects of INT-767 on liver histopathology in
a preclinical mouse model of NASH, alone and in
comparison, with OCA, and to determine potential
mechanisms underlying INT-767 efficacy on NASH
pathology.
The NAS system and fibrosis staging (developed by
[21]
the NASH Clinical Research Network ) is a validated
morphometric system for monitoring histopathological
changes in clinical trials for NASH. In the clinic, the
incorporation of a baseline biopsy affords the opportunity
to further characterize within-subject changes in these
parameters, and therefore also applied to ob/ob-NASH
mice in the present study. Hepatopathology was evident
in ob/ob-NASH mice maintained on AMLN diet for 12
wk. Consistent with previous publications using this
[18,19,26]
model
, ob/ob-NASH mice present with marked
steatosis and inflammation, mild-stage ballooning and
moderate-marked grades of fibrosis.
In the initial 8-wk dose-response study, INT-767 10
mg/kg reduced fibrosis stage (approximately 1 point)
and total NAS (approximately 3 points). There was
a high responder rate for improvement of steatosis
(8/10 mice), inflammation (10/10 mice), hepatocyte
ballooning (6/10 mice) scores, and fibrosis stage
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Figure 6 Obeticholic acid (OCA) and INT-767 modulate ileal and hepatic FXR target gene expression to a similar degree after 2 wk of dosing in lean
C57Bl/6 mice. A-D: Hepatic expression of BSEP, OST, CYP8b1, and SHP; E and F: Ileal mRNA expression of FGF-15 and SHP. aP < 0.05, bP < 0.01, eP < 0.001 vs
no treatment (dose = 0); cP < 0.05, dP < 0.01, fP < 0.001 vs corresponding INT-767 dose (two-way ANOVA with Bonferroni’s post-hoc test).
[30]

are key contributors for hepatic fibrosis . Accordingly,
a significant correlation was observed between
quantitative liver collagen levels (expressed as percent
collagen area of total parenchymal area) using label
free SHG and the collagen 1a1 immunoreactivity. SHG
imaging also demonstrated that INT-767 reduced
the intensity of the collagen fiber signal (collagen
fiber density), but did not affect collagen network
complexity (reticulation index).
The present studies also included biochemical
assessments, HE staining and label-free SHG/2-PE
analyses to determine effects of INT-767 on hepatic
lipid parameters. INT-767 dose-dependently reduced
hepatic total cholesterol and liver triglyceride levels.
In addition to improving steatosis scores, liver lipid
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fractional area (HE staining) was also markedly reduced
by INT-767. Quantitative morphometric analyses by
SHG/2-PE imaging confirmed this observation, and
revealed that INT-767 significantly reduced vesicular
lipid droplet size with a clear shift towards smaller
size lipid droplet across the range of possible droplet
diameters. These findings are consistent with FXR/TGR5
stimulation of hepatic fatty acid β-oxidation and reduced
triglyceride synthesis, and mirror anti-steatotic effects of
[13,16]
INT-767 reported within other models of NAFLD
and
are reminiscent of some of the lipid-lowering effects of
PPARs. As macrovesicular steatosis positively correlated
to the severity of lobular inflammation in NASH
[31]
patients , as well as impaired hepatic microcirculation
[32]
in experimental NASH , the lowering of lipid droplet

205

January 14, 2018|Volume 24|Issue 2|

Roth JD et al. INT-767 improves NASH in mice
HE

Sirius red

Collagen 1a1

Galectin-3

Vehicle

OCA
10 mg/kg

OCA
30 mg/kg

INT-767
3 mg/kg

INT-767
10 mg/kg

Figure 7 INT-767 and obeticholic acid (OCA) treatment for 16 wk improves liver histopathology in ob/ob-NASH mice with biopsy-confirmed liver pathology.
Representative hematoxylin-eosin (HE), picro-Sirius red, collagen 1a1 and galectin-3 stainings; NASH: Non-alcoholic steatohepatitis.

into bile, and the organic solute transporter OSTβ,
which mediates both cellular efflux and uptake of
bile acids. Additionally, the cytochrome P450 Family
8 Subfamily B Member 1 (Cyp8b1, whose catalytic
activity determines solubility of cholesterol in bile by
controlling the ratio of cholic acid over CDCA synthesis)
was more potently downregulated by INT-767 relative
to OCA. These findings are not surprising, given that in
vitro, INT-767 (EC50 approximately 30 nmol/L) is about
300-fold more potent than CDCA and 3-fold more
[13]
potent than OCA at the FXR receptor .
Likewise, for TGR5, INT-767 (EC50 approximately
0.63 μmol/L) is about 12-fold more potent than the
endogenous TGR5 agonist LCA (EC50 approximately 8
μmol/L) and comparable to the selective TGR5 agonist
[13]
INT-777 (EC50 0.9 μmol/L ). Unfortunately, we were
unable to demonstrate specific functional or differential
activation of TGR5 with INT-767 and OCA; TGR5
hepatic and ileal mRNA target genes are non-specific
and future studies should consider examining effects in
other TGR5 expressing tissues, such as brown adipose,
pancreas or colon, using techniques more appropriate
[5]
for assessing GPCR activation .
Intestinal FXR activation also impacts hepatic
signaling events, and liver transcriptome analysis
in chow-fed C57Bl6/J mice revealed an important
difference between INT-767 and OCA. Fibroblast growth

area (diameters) by INT-767 is suggestive of improved
liver function in ob/ob-NASH mice.
The mechanism of action and relative efficacy
of INT-767 and OCA was explored. When drawing
mechanistic conclusions an important first step is to
account for the distribution of each drug within target
tissues. INT-767 and OCA are semisynthetic bile
acids and exhibits a similar pharmacokinetic profile as
endogenous bile acids. These compounds are absorbed
from the small intestine, transported into the liver
where they undergo biliary excretion and enterohepatic
recirculation and are ultimately excreted in the feces.
Both compounds were administered to lean mice once
daily for two weeks (a duration sufficient to achieve
steady-state) and drug levels within the liver and ileum
were measured. Both drugs achieved similar levels
within similar dose ranges. Likewise, except for the 10
mg/kg dose, levels of INT-767 and OCA were similar
within the ileum. Thus, interpretation of differences in
hepatic and ileal gene expression within these samples
are unlikely to be explained by differences in INT-767
vs OCA distribution.
In vivo gene expression studies revealed that
relative to OCA, INT-767 regulated hepatic FXR target
genes to a greater degree at equivalent doses. These
include upregulation of the bile salt efflux transporter
BSEP, critically involved in the secretion of bile salts
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FGF-15/19 signaling could contribute to anti-NASH
[34,35]
effects of bile acid sensing receptors
. However, the
same mice that experienced robust hepatic activation,
INT-767 only modestly increased ileal FGF-15 mRNA
compared to OCA. These findings suggest that relative
to OCA, hepatic FXR signaling may be a greater driver

factor 15 (FGF-15, equivalent to human FGF-19)
is highly expressed the small intestine and upon
secretion, circulates to the liver and attenuates bile acid
production via binding to the β-Klotho receptors located
on the surface of hepatocytes and other endothelial
[33]
cells . It is therefore argued that enhanced gut-liver

WJG|www.wjgnet.com

207

January 14, 2018|Volume 24|Issue 2|

Roth JD et al. INT-767 improves NASH in mice
within-subjects, repeated-measures study design. Most studies do not include
a biopsy and rely on endpoint measurements only. Morphometric assessments
were also performed using label-free second harmonic generation imaging (for
fibrosis) and two-photon emission (for steatosis) which are novel in NASH. The
rigor of measuring the same samples using multiple histological techniques
also allows the reader to consider how well these methods correlate with one
another. mRNA levels of FXR regulated candidate genes were measured using
RNA sequencing. LC/MS/MS was used to determine compound levels in liver
and ileum.

of INT-767 induced anti-NASH effects. At present,
we do not have a mechanistic explanation as to why
INT-767 exerts divergent effects on ileal FXR target
genes despite being more potent than OCA and
demonstrating clear accumulation within the target
tissue.
An extended dosing period (16 wk) was employed
in ob/ob-NASH mice to assess the durability of INT767-induced anti-NASH efficacy as well as comparing
the efficacy of INT-767 and OCA at equipotent doses
for FXR activation. After 16 wk of treatment OCA
and INT-767 significantly improved all histological
parameters relative to vehicle control. In general, the
drug treatment effects were dose dependent and the
high dose of INT-767 outperformed the high dose
of OCA. These findings confirm durable histological
benefits of INT-767 with continued drug administration
in a preclinical model of NASH and suggest that
INT-767 may exert greater efficacy than OCA at both
matched and (in vitro) potency-adjusted doses.
The therapeutic armamentarium for NAFLD and
NASH is limited largely to lifestyle modifications and
treatment of concurrent conditions, such as diabetes
and obesity, with no currently approved medical
treatments for the disease. Based on the nonclinical
data presented herein, INT-767 is a more potent FXR
receptor agonist, and is expected to have a therapeutic
effect at lower doses than OCA. Ongoing clinical studies
will allow a more comprehensive assessment of the
benefit-risk profile of INT-767 for the treatment of
NASH.

Research results

In an 8-wk monotherapy study, INT-767 significantly improved qualitative
features of NASH as demonstrated by a blinded assessment of NAS and
fibrosis stage scores. Quantitatively, INT-767 significantly improved %FA for
steatosis, inflammation (assessed by galectin-3 immunohistochemistry; IHC),
fibrosis (Col1a1 IHC) and key components of basement membrane formation
(laminin IHC). In a 16-wk comparative treatment study, NASH mice treated with
INT-767 (3 and 10 mg/kg) exerted greater therapeutic potency and efficacy than
OCA (10 and 30 mg/kg). Mechanistically, both OCA and INT-767 accumulate to
a similar extent within the liver and ileum. INT-767 drives hepatic, but not ileal,
FXR gene expression profiles more strongly than OCA, implying that the liver is
a key site of action for INT-767.

Research conclusions

INT-767 improved key histological features of diet-induced and biopsyconfirmed NASH across studies using multiple methods and was shown to
be more potent and efficacious than OCA. Novel insights from morphometric
analyses include: (1) not only does INT-767 improve fibrosis %FA, but also the
intensity of the collagen fiber signal consistent with reducing fiber density; and (2)
in addition to reducing steatosis %FA, INT-767 induced a clear shift to reduce
vesicular lipid droplet size believed to be more a healthful form of steatosis.
Together, these preclinical findings confirm durable histological benefits with
INT-767 dosing and suggest that INT-767 may exert greater efficacy than OCA.

Research perspectives

The present studies confirm and extend upon the extant literature validating
FXR as a pharmacological target for NASH. Future research should consider
(1) the mechanistic contribution of TGR5 to the in vivo effects of INT-767,
and (2) the necessity and sufficiency of activating hepatic vs ileal FXR when
targeting NASH, as INT-767 was more efficacious than OCA yet elicited only
minimal ileal FXR activation. Finally, other models of diet- or toxin-induced
NASH should consider incorporating a baseline biopsy to exclude mice that
did not develop the desired phenotype prior to treatment initiation and gain a
deeper mechanistic understanding of any pharmacologic intervention. Ongoing
research continues to elucidate the role of FXR agonism on features of the
basement membrane in NASH.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Studies within this manuscript detail the efficacy of the dual in vitro FXR/TGR5
agonist INT-767 upon multiple histological endpoints in a mouse model of dietinduced non-alcoholic steatohepatitis (NASH). Prior pharmacology studies
using INT-767 had not been conducted in models of established and biopsyconfirmed NASH with sufficient fibrosis.
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Abstract
AIM
To evaluate appropriate and rapid polyglycolic acid
sheet (PGAs) covering time using device delivery
station system (DDSS).
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METHODS
This pilot basic study was conducted to evaluate the
potential of accurate and rapid PGAs delivery using
DDSS. Three 11-month-old female Beagle dogs
were used in this study. Two endoscopic submucosal
dissections (ESDs) 4cm in diameter were performed
in lesser curvature of middle gastric body and greater
curvature of antrum (total 6 ESDs performed). DDSS (3
cm length, 12 mm in outer diameter) has 2 chambers
2
which 16 cm large 2 PGAs were stored, and DDSS
was attached post ESD ulcers, respectively. Beriplast P®
(CSL Behring K.K., Tokyo, Japan) (combination of fibrin
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Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
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glue and thrombin) was applied equally to the artificial
ulcer, and tight attachment of 2 PGAs with DDSS were
completed. The evaluation items were covering times,
post ESD bleeding and perforation during ESD.

with PGAs is a more ideal treatment. However, as it is
difficult to deliver thin PGAs by pan-endoscope, PGAs
delivery is one of the main problems of treating post[3,4]
ESD ulcers .
Since the delivery method of such a thin membrane
like PGAs into the stomach without getting wet with
water has not been reported yet, the efficacy of PGAs
covering perforation of gastric ulcer by sealed 2 balloon
method [endoscopic injection sclerotherapy (EIS)
balloon, TOP co., Tokyo, Japan] (11 mm in diameter,
[5]
50 mm length) was already reported as new method .
Based on the 2 EIS balloon method, we developed
the new concept to deliver various endoscopic devices
and materials named device delivery station system
(DDSS).
This animal study assessed usefulness and future
perspectives of the DDSS.

RESULTS
The covering time of PGAs (defined as the duration
from the beginning of endoscope insertion into the
mouth to the end of the fibrin glue coating process)
was 6.07 (4.86-8.29) min. There was no postESD bleeding (1-7 d after ESD), and there was no
perforation during ESD.
CONCLUSION
DDSS was very useful for rapid delivering and tight
attachment of PGAs, and has potentials of multipurpose delivery station system.
Key words: Post-endoscopic submucosal dissection
ulcers; Bleeding; Polyglycolic acid sheet; Rapidly
delivery; Tightly attachment

MATERIALS AND METHODS
Three 11-month-old female Beagle dogs were used
in this study. This pilot basic study was conducted
to evaluate the potential of accurate and rapid PGAs
delivery using DDSS. This Animal experiment was
approved by Animal Laboratory Regulations of Kagawa
University according to the Regulations and Guidelines
of animals experiment of Kagawa University. [See
the supplement PDF file of Institutional Review
Board Approval Form (Approval No: A34) of Kagawa
University.] Two endoscopic submucosal dissections
(ESDs) 4cm in diameter were performed in lesser
curvature of middle gastric body and greater curvature
of antrum (total 6 ESDs performed). The evaluation
items were covering times, post ESD bleeding and
perforation during ESD. DDSS (3 cm length, 12 mm
2
in outer diameter) has 2 chambers which 16 cm
large 2 PGAs were stored (Figure 1), and DDSS was
easily mounted (Figure 2) and detached by pulling
the thread connected with lock-pin (Figure 3) (Video).
After endoscope mounting DDSS was inserted into
dog’s stomach, DDSS was detached by pulling out the
lock-pin with grasping forceps which was retrieved
through endoscopic channel. Two PGAs were pulled
out from each 2 chambers (Figure 4) and attached
post ESD ulcers, respectively (Figure 5). Beriplast P®
(CSL Behring K.K., Tokyo, Japan) (combination of fibrin
glue and thrombin) was applied equally to the artificial
ulcer, and tight attachment of 2 PGAs with DDSS were
completed. In this study, 0.5 mL Indigo Carmine was
mixed with transparent Beriplast P® for visualization of
uniformly spraying onto ulcer floor (Figure 6) (Video).

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

Core tip: Although mechanical closures of larger
artificial ulcer floor are effective to prevent postendoscopic submucosal dissection (ESD) bleeding,
mechanical closures might create a mucosal bridge
which reduces the efficacy of prevention of post-ESD
bleeding. Although covering with polyglycolic acid
sheet (PGAs) is a more ideal treatment, it is difficult to
deliver thin PGAs by pan-endoscope. Therefore, novel
concept to deliver various devices and materials were
developed.
Mori H, Kobara H, Nishiyama N, Masaki T. Novel concept of
endoscopic device delivery station system for rapid and tight
attachment of polyglycolic acid sheet. World J Gastroenterol
2018; 24(2): 211-215 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i2/211.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i2.211

INTRODUCTION
There were several reports of treatments for large
artificial post-endoscopic submucosal dissection (ESD)
ulcers, such as natural ulcer healing, ulcer closure using
an Over-The-Scope Clip system (Ovesco Endoscopy
[1]
GmbH, Tüebingen, Germany) and covering an ulcer
with a polyglycolic acid sheet (PGAs) (Gunze Co.,
Kyoto, Japan). PGAs has been used to prevent post[2]
ESD bleeding . Although mechanical closures of
larger artificial ulcer floor are somewhat effective to
prevent post-ESD bleeding, mechanical closures might
create a mucosal bridge which reduces the efficacy of
prevention of post-ESD bleeding. Therefore, covering
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Endoscopes: GIF TYPE Q260J (Olympus Co., Tokyo,
Japan). Incisional knife: Dual knife ® (KD-650
L), IT knife 2® (KD-611L) (Olympus Co., Tokyo,
Japan). Incisional generator device: ERBE VIO300D
(Elektromedizin, Tübingen, Germany). CO2 insufflation
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Figure 1 Preparation of polyglycolic acid sheets. Polyglycolic acid sheets
(PGAs) was able to be expanded by ring-shaped 1-0 polydioxanone (PDS)
which have strong expansive force (black arrow). Ring-shaped 1-0 PDS was
fixed with 4-0 PDS at 4 point to prevent PGAs from slipping out of place (red
arrows).

Figure 4 Delivery of dry polyglycolic acid sheet from device delivery
station system. Polyglycolic acid sheets was delivered and pulled out from
device delivery station system chamber without getting wet with water.

Figure 5 Simultaneous deliveries of two polyglycolic acid sheet
to two post-endoscopic submucosal dissections artificial ulcers.
Two polyglycolic acid sheets were pulled out from each 2 chambers and
attached 2 post ulcers, respectively (yellow and blue arrows).

Figure 2 Mount device delivery station system on pan endoscope.
Device delivery station system (DDSS) was mounted on pan endoscope with
2 chambers in which 16 cm2 large polyglycolic acid sheets (yellow arrow) and
gauze (red arrow) were stored. It is possible for DDSS to store various kinds of
surgical materials in its several chambers. It is very easy to open and detach
DDSS by pulling the thread connected with tiny pin by grasping forceps through
endoscopic channel (blue curved arrow).

Figure 6 Mixture of Indigo Carmine and Beriplast P® for visualization.
0.5 mL Indigo Carmine mixed with transparent Beriplast P® for visualization of
uniformly spraying onto ulcer floor made it possible to make tight attachment of
polyglycolic acid sheets.

Figure 3 Detachable of device delivery station system. Device delivery
station system (DDSS) is able to be opened and detached (yellow curved
arrow) by pulling the thread connected with tiny pin (yellow arrow). Two ringshaped threads are used to fix DDSS on the gastric wall (2 red arrows).

RESULTS
The covering time of PGAs (defined as the duration
from the beginning of endoscope insertion into the
mouth to the end of the fibrin glue coating process)

device: OLYMPUS UCR (Olympus Co., Tokyo, Japan).
PGAs (Gunze Co., Kyoto, Japan).
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investigated.

was 6.07 (4.86-8.29) min. There was no postESD bleeding (1-7 d after ESD), and there was
no perforation during ESD. DDSS was the most
effective way to deliver PGAs to post-ESD ulcer floor
accurately and rapidly. There was no adverse event or
complications at all during delivery of PGAs by DDSS.

Research results

DDSS made it possible to cover post-ESD ulcer rapidly and reduce the postESD adverse event (bleeding of 1-7 d after ESD).

Research conclusions

DDSS was very useful for rapid delivering and tight attachment of PGAs to
control post-ESD bleeding. DDSS can deliver lots of endoscopic devices and
surgical materials that can be placed within the digestive tract under sealed
conditions.

DISCUSSION
PGAs are widely used in bio-absorbable sutures in
the surgical field. In healing process, PGAs have antiinflammatory effects with rich granulation tissue. PGAs
also have the migration effects of epidermal cells. Early
anti-inflammatory effects and rich granulation tissue
[6]
contribute to protecting the ulcer floor .
Protection mechanism of PGAs seem to be same
[7,8].
that of steroid local injection to prevent stenosis
The tight attachment of PGAs to post-ESD ulcer is
necessary to obtain a sufficient hemostatic effect.
Therefore, DDSS was very useful for rapidly delivery
and tightly attachment of PGAs onto post ESD artificial
ulcer. Tight attachment of PGAs by DDSS might
[9,10]
enable us to decrease post-ESD bleeding
. PostESD bleeding is one of serious adverse events for
patients who take antiplatelet and/or anti coagulation
agents. There were some reports that post bleeding
events occurred within 7- 14 d after ESD. PGAs could
prevent the post-ESD bleeding among patients using
[11]
antithrombotic agents , and contribute to reduce
the medical cost. In addition, there was no adverse
event or complications at all during delivery of PGAs by
DDSS.
Moreover, DDSS might be able to deliver much
more devices and materials such as gauze, hemoclips
and so on. DDSS has potential to considerably change
the endoscopic treatment. However, prospective
randomized control study is needed to confirm the
advantages of DDSS and potential adverse events.

Research perspectives

DDSS has innovative potentials of multi-purpose device delivery measurements.
Multi-center prospective studies are needed to confirm the advantages of DDSS
not only for PGAs delivery but also other endoscopic devices and materials.
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Abstract
AIM
To study the role and the possible mechanism of
β-arrestin 2 in lipopolysaccharide (LPS)-induced liver
injury in vivo and in vitro .

Institutional animal care and use committee statement: All
procedures were conducted in accordance with The Guide for
the Care and Use of Laboratory Animals and were approved by
the Institutional Animal Care and Use Committee of The Third
Affiliated Hospital of Sun Yat-sen University.

METHODS
+/+
-/Male β-arrestin 2
and β-arrestin 2 C57BL/6J mice
were used for in vivo experiments, and the mouse
macrophage cell line RAW264.7 was used for in vitro
experiments. The animal model was established via
intraperitoneal injection of LPS or physiological sodium
chloride solution. Blood samples and liver tissues were
collected to analyze liver injury and levels of pro-

Conflict-of-interest statement: The authors declare that there is
no conflict of interest regarding the publication of this paper.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
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inflammatory cytokines. Cultured cell extracts were
collected to analyze the production of pro-inflammatory
cytokines and expression of key molecules involved in
the TLR4/NF-κB signaling pathway.

found that endogenous LPS derived from the intestine
could promote the production of pro-inflammatory
cytokines such as tumor necrosis factor (TNF)-α,
interleukin (IL)-6, and IL-1β by activating Kupffer cells
[2]
and accelerate the damage to the liver . Meanwhile,
LPS could also aggravate liver damage in nonalcoholic
steatohepatitis by increasing the production of TNF-α
[3]
by Kupffer cells . Additionally, studies of a genetic
mouse model of obesity suggested that the mice were
more prone to steatohepatitis if they were constantly
[4,5]
exposed to LPS . When Kupffer cells were eliminated
from this model, the mice showed decreased hepatic
[6]
injury and lower mortality following LPS treatment .
LPS and Kupffer cells are the two essential key points
in the development of varied hepatic diseases.
β-arrestin 2 is an important protein that plays a wellestablished role in regulating signaling downstream
of the G-protein-coupled receptor (GPCR) pathway.
Its recruitment and binding to the ligand-stimulated
receptor are essential for signal transduction,
sequestration, desensitization, and cell proliferation and
differentiation. Recently, accumulating evidence has
shown that β-arrestin 2 is a key regulator of not only
GPCR-related signaling pathways but also of pathways
downstream of major cell surface receptors and receptor
tyrosine kinases, including insulin receptor, insulin-like
growth factor type 1 receptor, epidermal growth factor
receptor, and Toll-like receptor 4 (TLR4). Of these, the
TLR4-related signaling pathway has gained much
attention for its role in LPS-induced inflammation and
host defense. Current views postulate that stimulation
with LPS enhances production of pro-inflammatory
cytokines from macrophages via the TLR4/NF-κB
signaling pathway, while silencing of TLR4 or β-arrestin
2 can both inhibit this increase in pro-inflammatory
cytokines and negatively regulate TLR4-mediated
[7]
inflammatory reactions . Based on these findings,
we hypothesized that β-arrestin 2 should have great
effects on LPS-induced inflammation and hepatic
injury via a TLR4-related signaling pathway. To explore
this hypothesis, we investigated the role and the
possible mechanisms of β-arrestin 2 in LPS-induced
hepatic injury. We found that deletion of β-arrestin 2 in
mice aggravated LPS-induced liver injury by increasing
macrophage production of pro-inflammatory cytokines
including IL-1β, IL-6, TNF-α, and IL-10. Further, this
mechanism might be involved in TLR4/NF-κB-mediated
inflammation.

RESULTS
Compared with wild-type mice, the β-arrestin 2
knockout mice displayed more severe LPS-induced
liver injury and significantly higher levels of proinflammatory cytokines, including interleukin (IL)1β, IL-6, tumor necrosis factor (TNF)-α, and IL-10.
Compared with the control group, pro-inflammatory
cytokines (including IL-1β, IL-6, TNF-α, and IL-10)
produced by RAW264.7 cells in the β-arrestin 2
siRNA group were significantly increased at 6 h after
treatment with LPS. Further, key molecules involved in
the TLR4/NF-κB signaling pathway, including phosphoIκBα and phosho-p65, were upregulated.
CONCLUSION
β-arrestin 2 can protect liver tissue from LPS-induced
injury via inhibition of TLR4/NF-κB signaling pathwaymediated inflammation.
Key words: Lipopolysaccharide; Liver injury; β-arrestin
2; TLR4/NF-κB signaling pathway; Pro-inflammatory
cytokines
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The role and mechanism of β-arrestin 2 in
lipopolysaccharide (LPS)-induced liver injury remain
unclear. In this study, β-arrestin 2 knockout mice
displayed more severe LPS-induced liver injury and
significantly higher levels of pro-inflammatory cytokines
than wild-type mice. Further, RAW264.7 cells treated
with β-arrestin 2 siRNA expressed significantly higher
pro-inflammatory cytokines and molecules involved in
the TLR4/NF-κB signaling pathway (including phosphoIκBα and phosho-p65) than the control group at 6
h after treatment with LPS. Therefore, β-arrestin 2
could protect liver tissue from LPS-induced injury via
inhibition of TLR4/NF-κB-mediated inflammation and
may serve as a therapeutic target.
Jiang MP, Xu C, Guo YW, Luo QJ, Li L, Liu HL, Jiang J, Chen HX,
Wei XQ. β-arrestin 2 attenuates lipopolysaccharide-induced liver
injury via inhibition of TLR4/NF-κB signaling pathway-mediated
inflammation in mice. World J Gastroenterol 2018; 24(2): 216-225
Available from: URL: http://www.wjgnet.com/1007-9327/full/v24/
i2/216.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i2.216

MATERIALS AND METHODS
Reagents and chemicals

LPS (Cat. L2630), Trizol reagent (Cat. T9424), and
rat tail collagen (Cat. L2630) were purchased from
Sigma (St Louis, MO, United States). Dulbecco’s
modified Eagle’s medium (DMEM, Cat. C11995500B),
Roswell Park Memorial Institute 1640 Medium
(RPMI-1640, Cat. C11875500BT), fetal bovine serum
(Cat. 10270-106), penicillin and streptomycin (Cat.

INTRODUCTION
Lipopolysaccharide (LPS, also called endotoxin)induced hepatic injury is the pathological basis of
varied hepatic diseases, and Kupffer cells are the key
[1]
components in LPS-induced injury . Researchers
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15140122), and Trypsin (Cat. 25200-056) were
obtained from Gibco (Rockville, MD, United States).
Real-time PCR Master Mix kit-SYBR Green (Cat.
AQ141-04) was from Transgen (Beijing, China). siRNAβ-arrestin 2 (Cat. sc-29208), anti-glyceraldehyde-3phosphate dehydrogenase antibody (GAPDH, Cat.
sc-25778), horseradish peroxidase (HRP) conjugated
goat anti-rabbit IgG secondary antibody (Cat.
sc-2004), anti-p65 (Cat. sc-372), anti-phospho-IkBα
(Cat. sc-8404), anti-IkBα (Cat. sc-371), and antiTRAF6 (Cat. sc-7221) antibodies were all purchased
from Santa Cruz (Santa Cruz, CA, United States).
Anti-myeloperoxidase (MPO) primary antibody (Cat.
ab9535), anti-β-arrestin 2 (Cat. ab54790), antiphospho-p65 (Cat. ab86299), and anti-phospho-Akt
(Cat. ab38449) antibodies were from Abcam (Abcam,
Cambridge, MA, United States). Lipofectamine 3000
(Cat. L3000-015) was from Invitrogen (Invitrogen,
Carlsbad, CA，United States). Heparin was from
Wanbang (Xuzhou, Jiangsu, China). First Strand cDNA
Synthesis Kit ReverTra Ace-α-TM (Cat. FSK-100) was
from Toyobo (New York, NY, United States). Alanine
transaminase (ALT, Cat. CSB-E16539m), aspartate
transaminase (AST, Cat. CSB-E12649m), and TNF-α
(Cat. CSB-E04741m) enzyme-linked immunosorbent
assay (ELISA) kits were all from Cusabio (Wuhan,
Hubei, China).

further experimentation. Transfections of cells with
β-arrestin 2 siRNA RNAoligo and the control RNAoligo
were performed with Lipofectamine 3000 according
to the manufacturer’s instructions. At 24 h after
transfection, the medium was replaced with regular
culture medium and cells were then treated with LPS
(1000 ng/mL). At 6 h after administration of LPS, the
cells were collected for further experiments.

Histopathology score of liver injury

Hematoxylin and eosin (HE) staining and TUNEL
staining were performed to generate a histopathology
score of liver injury. H&E staining was performed
[8]
as described in our previous study and TUNEL
staining was performed using an in-situ cell death
detection kit (Roche, Basel, Switzerland) according
to the manufacturer’s instructions. Briefly, sections
were scored in a blinded manner for apoptosis and
hemorrhage in five 200 × magnified fields according
[9]
to Hoque’s report . Apoptosis was scored from 0-4
according to the rate of hepatocyte apoptosis (0: ≤
1%; 1: 1%-5%; 2: 5%-10%; 3: 10%-20%; and 4: ≥
20%) per 200 × field. Hemorrhage was also scored as
0-4 based on the hemorrhage rate (0: 0%; 1: 1%-5%;
2: 5%-20%; 3: 20%-50%; and 4: ≥50%) per 200 ×
field.

Immunohistochemistry

Animal model and treatments

To evaluate LPS-induced hepatic injury, immunohisto
chemistry was used to detect the expression of MPO
in neutrophils, and the number of MPO positive cells
was counted in 20 randomly selected 200 × magnified
fields of each section. Immunohistochemistry was
[10]
performed as previously described , and MPO was
detected using the anti-MPO primary antibody and
horseradish peroxidase (HRP) conjugated goat antirabbit IgG secondary antibody. The liver tissues of six
mice from each group were studied.

All animal experiments were approved by the
Institutional Animal Care and Use Committee of The
Third Affiliated Hospital of Sun Yat-sen University
(certification no.: IACUC-F3-17-0801). The original
+/β-arrestin 2 heterozygous C57BL/6J mice were a gift
from Dr. Robert J Lefkowitz (Duke University Medical
-/Center, Durham, NC). Male β-arrestin 2 and β-arrestin
+/+
2
mice aged 6 to 8 wk and weighing 20-25 g were
randomly divided into four groups with six mice in each
group. To establish an LPS-induced liver injury model,
the mice were intraperitoneally injected with LPS (5
mg/kg) or physiological solution of sodium chloride.
Four hours later, the mice were killed by intraperitoneal
injection of 10% chloral hydrate (350 mg/kg). A 0.5
mL blood sample was collected from the inferior vena
cava. Serum was stored at -20 ℃ before testing. The
liver was carefully isolated from each mouse. Part of
the liver tissue was immediately fixed in 10% neutral
buffered formalin before embedding to prepare paraffin
sections and the other part was stored at -80 ℃ for
further analysis.

Quantitative real-time RT-PCR

Total RNA was collected using Trizol reagent according to
the manufacturer’s instructions. Then, 2 µg of RNA was
used for reverse transcription to produce first-strand
cDNA with the First Strand cDNA Synthesis Kit ReverTra
Ace-α-TM according to the manufacturer’s instructions.
Real-time PCR was performed for genes of interest on
an ABI7700 System (Applied Biosystems, Foster City,
CA) using DyNAmo SYBR Green Master Mix. β-actin was
used as an internal reference to normalize the genes of
interest. The melting curve for each gene was analyzed
to ensure the specificity of amplification. The genes of
interest and the primers are as follows: TNF-α : forward,
5′-TTCTGTCTACTGAACTTCGGGGTGATCGGTCC-3′ and
reverse, 5′- GTATGAGATAGCAAATCGGCTGACGGTGTGGG-3′;
IL-1β : forward, 5′-ATGGCAACTGTTCCTGAACTCAACT-3′
and reverse, 5′-CAGGACAGGTATAGATTCTTTCCTTT-3′;
IL-6: forward, 5′-AGGATACCACTCCCAACAGACCT-3′
and reverse, 5′-CAAGTGCATCATCGTTGTTCATAC-3′;
IL-10: forward, 5′-GCTCTTACTGACTGGCATGAG-3′ and

Cell culture and treatment

The mouse macrophage cell line RAW264.7 was
obtained from American Type Culture Collection.
Cells were cultured in DMEM supplemented with
10% fetal bovine serum and 1% antibiotics (penicillin
and streptomycin) at 37 ℃ in a 5% CO2-humidified
incubator. Cells at 70% confluence were collected and
5
seeded at 2 × 10 cells per well in a six-well plate for
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reverse, 5′-CGCAGCTCTAGGAGCATGTG-3′; β -actin:
forward, 5′-GGCTGTATTCCCCTCCATCG-3′ and reverse,
5′-CCAGTTGGTAACAATGCCATGT-3′.

score (Figure 1F), were significantly higher in
β-arrestin 2 KO mice than in β-arrestin 2 WT mice after
administration of LPS. Moreover, the MPO index (Figure
1G and H) presented similar results to the AST, ALT,
and histopathology scores. These results suggested
that decreased β-arrestin 2 aggravated LPS-induced
liver injury.

Western blot analysis

Western blot analysis was used to test for the
expression of proteins of interest in cultured cells
or liver tissues and was performed as previously
[11]
described . Briefly, equal amounts of protein were
separated by electrophoresis and then transferred to
polyvinylidene difluoride membranes. After blocking
for 1 h at room temperature, the membrane was
incubated with primary antibodies against β-arrestin 2,
TRAF6, IKKβ, IκBα, phospho-IκBα, p65, phosho-p65,
or GAPDH at 4 ℃ overnight. After washing, the
membrane was then incubated with horseradish
peroxidase (HRP)-conjugated secondary antibodies for
1 h at room temperature. The bands were visualized
using an enhanced chemiluminescence system.
Image-Pro Plus 6.0 software (Media Cybernetics, 8484
Georgia Avenue Silver Spring, MD, United States) was
used for densitometry analyses.

Deletion of β -arrestin 2 facilitates the expression of
lipopolysaccharide-induced inflammatory factors

As mentioned in the Introduction section, LPS-induced
liver injury involves an increase in pro-inflammatory
cytokines via activation of Kupffer cells. We therefore
evaluated mRNA levels of IL-1β , IL-6, TNF-α , and
IL-10 in liver tissue and serum. We discovered that
mRNA levels of IL-1β , IL-6, TNF-α , and IL-10 were
noticeably increased after treatment with LPS. The
mRNA levels of the four pro-inflammatory cytokines
mentioned above were significantly higher in liver
tissue from β-arrestin 2 KO mice as compared with
liver tissue from the β-arrestin 2 WT mice (Figure 2
A-D). Meanwhile, protein analysis of IL-6 and TNF-α
in serum was consistent with the results in liver
tissue (Figure 2E and F). These results indicated that
increased pro-inflammatory cytokines in both liver
tissue and serum might be associated with decreased
β-arrestin 2.

ELISA

The levels of ALT, AST, LDH, and TNF-α in the culture
supernatants and mouse serum were determined
with the ELISA kits according to the manufacturer’s
instruction.

Decreasing levels of β -arrestin 2 promote the production
of pro-inflammatory factors in RAW264.7 cells in vitro

Statistical analysis

Based on the above results, we supposed that
decreasing β-arrestin 2 might promote the production
of pro-inflammatory factors via macrophage activation.
To confirm this, we investigated whether a genetic
reduction of β-arrestin 2 in RAW264.7 cells could
increase the production of pro-inflammatory factors.
As shown in Figure 3A and B, 6 h after transfection
with β-arrestin 2 siRNA, expression of β-arrestin 2 was
significantly down-regulated. Meanwhile, at another
6 h after treatment with LPS, RAW264.7 cells treated
with β-arrestin 2 siRNA showed significantly increased
production of IL-1β, IL-6, TNF-α, and IL-10 (Figure
3C-F). These results revealed that decreasing β-arrestin
2 in RAW264.7 cells promoted the in vitro production
of pro-inflammatory factors.

SPSS version 13.0 (SPSS Inc., Chicago, IL, United
States) was used for statistical analyses. Data are
expressed as the mean ± SD and differences between
groups were assessed by Student’s t-test or one-way
analysis of variance, followed by Bonferroni’s post
hoc tests. A two-sided P-value < 0.05 was considered
significant.

RESULTS
Deletion of β -arrestin 2 aggravates lipopolysaccharideinduced liver injury in vivo

To investigate the role of β-arrestin 2 in LPS-induced
liver injury, we first established an animal model of
LPS-induced liver injury by intraperitoneal injection
of LPS (5 mg/kg) into β-arrestin 2 wild type (WT)
and β-arrestin 2 knockout (KO) mice. Four hours
after administration of LPS, the mice were sacrificed
and liver tissues and blood were collected for
histopathological scoring of liver injury and detection
of ALT and AST in serum. As shown in Figure 1, we
observed a significant difference in AST and ALT
levels (Figure 1A and B) between β-arrestin 2 WT
and β-arrestin 2 KO mice treated with LPS, whereas
no significant difference was observed in the mice
treated with physiological solution of sodium chloride.
Similarly, histopathological scores of liver injury,
including hemorrhage score (Figure 1D) and apoptosis
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Increased pro-inflammatory factors are involved in
activation of the TLR4/NF-κ B signaling pathway

The TLR4/NF-κB signaling pathway is considered to
be involved in LPS-induced liver injury, and silencing
of β-arrestin 2 can negatively regulate TLR4-mediated
inflammatory reactions. To identify the mechanism
whereby decreased β-arrestin 2 promotes production
of pro-inflammatory factors, we then detected
the expression of key molecules in the TLR4/NFκB signaling pathway. The results showed that key
molecules, including TRAF6, IKKβ, phospho-IκBα, and
phospho-p65, produced by RAW264.7 cells increased
noticeably after treatment with LPS for 6 h (Figure
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WT and β-arrestin 2 KO mice treated with LPS and vehicle; C: HE staining of liver tissue (magnification, × 200); D: Histology score of hemorrhage in β-arrestin 2 WT
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4A), suggesting that LPS-induced liver injury is related
to activation of the TLR4/NF-κB signaling pathway.
Moreover, phospho-IκBα and phospho-p65 (but not
TRAF6 or IKKβ) were significantly increased in the
cells treated with β-arrestin 2 siRNA and LPS (Figure
4B), indicating that decreased β-arrestin 2 might also
be involved in activation of the TLR4/NF-κB signaling
pathway, therefore promoting the production of proinflammatory factors in RAW264.7 cells.

1A and B). Meanwhile, the histopathology scores and
count of MPO positive cells were also higher in the LPS
group compared with the control group. These results
showed obvious liver damage not only in β-arrestin 2
KO mice but also in WT mice, which suggested that
our animal model was successful. In addition, mRNA
levels of IL-1β , IL-6, TNF-α, and IL-10 in liver tissue
and serum levels of IL-6 and TNF-α were significantly
higher after treatment with LPS, which also indicated
that LPS-induced liver injury was mediated by proinflammatory cytokines. All these results were con
[13]
sistent with previous reports by Wang et al
and
[14]
Seregin et al .
β-arrestin 2 is an important negative regulator of
the TLR4 signaling pathway and could protect mice
from TLR4-mediated endotoxic shock and lethality
[13]
via down-regulation of inflammatory cytokines .
However, it is unclear whether β-arrestin 2 could
attenuate LPS-induced liver injury via regulation of

DISCUSSION
LPS-induced hepatic injury is the pathological basis
of varied hepatic diseases. However, the injury is
considered indirect and induced by the production of
pro-inflammatory cytokines from activated Kupffer
[12]
cells . In this current study, we found that serum
levels of AST and ALT were visibly high in both β-arrestin
2 KO and WT mice treated with LPS for 4 h (Figure
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[7]

pro-inflammatory cytokines. Porter et al found that
deletion of β-arrestin 2 in mice could decrease serum
levels of IL-1β, IL-12p40, interferon-γ, IL-2, IL-3, IL-4,
and IL-5. Thus, they hypothesized that β-arrestin 2
could reduce LPS-induced inflammation. Conversely,
[15]
Li et al
found in another study that overexpression
(but not deletion) of β-arrestin 2 could reduce the
production of pro-inflammatory cytokines such as
TNF-α and reduce experimental arthritis severity.
Our results showed that ALT and AST levels and
histopathology scores were higher in β-arrestin 2 KO
mice than in β-arrestin 2 WT mice, which suggested
that decreased β-arrestin 2 can aggravate LPSinduced liver damage. Moreover, the pro-inflammatory
cytokines in both liver tissues and serum were
higher in β-arrestin 2 KO mice, which revealed that
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decreased β-arrestin 2 might promote production of
pro-inflammatory cytokines. We then investigated
the correlation between decreased β-arrestin 2 and
production of pro-inflammatory cytokines in vitro
using siRNA interference technology. As we show in
Figure 3, pro-inflammatory cytokines including IL-1β,
IL-6, TNF-α, and IL-10 were higher in the cells treated
with β-arrestin 2 siRNA and LPS, which revealed that
β-arrestin 2 could attenuate LPS-induced liver injury
via negative regulation of pro-inflammatory cytokines.
Other than negative regulation of pro-inflammatory
[16]
cytokines, Fong et al
found that β-arrestin 2 might
modulate the CXCR4-induced chemotactic migration of
[17]
[18]
lymphocytes. Moreover, Basher et al and Fan et al
found that β-arrestin 2 inhibited chemotactic migration
of neutrophils. In our study, the number of MPO
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positive cells was larger in liver tissues from β-arrestin
2 KO mice (Figure 1G and H), which indicated that
decreased β-arrestin 2 reduce neutrophil infiltration in
liver tissue. The results further revealed that inhibition
of the chemotactic migration of neutrophils might be
another mechanism by which β-arrestin 2 attenuates
LPS-induced liver injury.
Kupffer cells are macrophages located in liver
tissue, which have been identified as the major cells
that produce pro-inflammatory cytokines and play
[19-22]
a critical role in LPS-induced inflammation
.
RAW264.7 macrophages are derived from leukemic
mice and have similar characteristics to Kupffer cells
in liver tissue. Therefore, we used RAW264.7 cells
for our in vitro studies. Our results showed that proinflammatory cytokines from RAW264.7 cells obviously
increased at 6 h after treatment with LPS, which
revealed that RAW264.7 could act as Kupffer cells
when stimulated by LPS. It is well known that β-arrestin
2 is involved in various cell signaling pathways and
[23]
plays a key role in the regulation of cell signaling .
For example, β-arrestin 2 acts as a scaffold protein
and participates in the activation of JNK and ERK
[24,25]
in the MAPK pathway
. Further, β-arrestin 2 can
directly bind to TRAF6 and reduce the phosphorylation
of NF-κB through inhibition of TRAF6 oligomerization
and ubiquitination, further inhibiting activation of
[13,26]
the NF-κB pathway
. A recent study showed that
β-arrestin 2 could down-regulate TLR4-mediated
production of NLRP3 and IL1-1β, which are involved
[9]
in inflammation induced by various factors . In our
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study, we investigated the key molecules involved
in the TLR4/NF-κB signaling pathway and found that
key molecules, including TRAF6, IKKβ, phosphoIκBα, and phospho-p65, produced by RAW264.7
cells increased noticeably after treatment with LPS
(Figure 4). Moreover, siRNA-mediated knockdown
of β-arrestin 2 further increased levels of the key
molecules mentioned above, including phospho-IκBα
and phospho-p65 (Figure 4). This suggested that
reductions in β-arrestin 2-induced pro-inflammatory
cytokines might be associated with inhibition of the
TLR4/NF-κB signaling pathway.
Altogether, our results showed that deletion of
β-arrestin 2 in mice aggravated LPS-induced liver
injury via increasing macrophage production of proinflammatory cytokines including IL-1β, IL-6, TNF-α,
and IL-10. This mechanism might be involved in TLR4/
NF-κB-mediated inflammation. We therefore concluded
that β-arrestin 2 could protect liver tissue from LPSinduced injury via inhibition of TLR4/NF-κB-mediated
inflammation. However, further study of the exact role
and possible mechanism of β-arrestin 2 is needed.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Lipopolysaccharide (LPS)-induced liver injury serves as the pathological basis
of varied hepatic diseases. LPS does not directly harm hepatocytes, while
Kupffer cells serve as the key components of LPS-induced injury through
secretion of pro-inflammatory cytokines such as TNF-α, IL-6, and IL-1β.
β-arrestin 2 is a protein that plays an important role in regulating the TLR4/NFκB signaling pathway, which plays a critical role in inflammation. However, the
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role of β-arrestin 2 in LPS-induced liver injury remains unclear.

Research motivation

5

The inhibition of LPS-induced inflammation via regulation of the TLR4/NF-κB
signaling pathway may be a therapeutic method for modulating LPS-induced
injury. β-arrestin 2 is a protein that plays an important role in regulating the
TLR4/NF-κB signaling pathway. Therefore, we hypothesized that β-arrestin 2
can play a role in the prevention of LPS-induced liver injury.

6

Research objectives

The objective of this study was to investigate the role and the possible
mechanism of β-arrestin 2 in LPS-induced liver injury in vivo and in vitro . This
is the first study to show that β-arrestin 2 attenuated LPS-induced liver injury in
a mouse model induced by injection of pure LPS. β-arrestin 2 may serve as a
therapeutic target for the prevention and treatment of LPS-induced liver injury.

7

8

Research methods

The animal model was established via intraperitoneal injection of LPS or
physiological sodium chloride solution in male β-arrestin 2+/+ and β-arrestin 2-/C57BL/6J mice. Blood samples and liver tissues were collected for analysis
of liver injury and levels of pro-inflammatory cytokines. Extracts from the
cultured mouse macrophage cell line RAW264.7 treated with various conditions
were collected to analyze the production of pro-inflammatory cytokines and
expression of key molecules involved in the TLR4/NF-κB signaling pathway.

9

10

Research results

The β-arrestin 2 knockout mice displayed more severe LPS-induced liver injury
and significantly higher levels of pro-inflammatory cytokines, including IL-1β,
IL-6, TNF-α, and IL-10, than the wild-type mice. Compared with the control
group, pro-inflammatory cytokines, including IL-1β, IL-6, TNF-α, and IL-10,
produced by the β-arrestin 2 siRNA-treated RAW264.7 cells were significantly
higher at 6 h after treatment with LPS. The key molecules involved in the TLR4/
NF-κB signaling pathway were also increased, including phospho-IκBα and
phosho-p65.

11

12

Research conclusions

We hypothesized that β-arrestin 2 could protect liver tissue from LPS-induced
injury via inhibition of TLR4/NF-κB-mediated inflammation. This hypothesis
was proven using an animal model of LPS-induced liver injury in male
β-arrestin 2+/+ and β-arrestin 2-/- C57BL/6J mice and a cell model using the
mouse macrophage cell line RAW264.7. These findings may be helpful for the
prevention and treatment of LPS-induced liver injury in future clinical practice
via strengthening the function of β-arrestin 2. However, further study on the
exact role and possible mechanism is still needed.

13

14

Research perspectives

Studies of the role of β-arrestin 2 agonists and methods of up-regulation of
β-arrestin 2 in the prevention and treatment of LPS-induced liver injury should
be performed.

15
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AIM
To investigate the mechanism by which hepatitis C virus
(HCV) core protein-induced miR-93-5p up-regulation
regulates the interferon (IFN) signaling pathway.

Institutional review board statement: This study was approved
by the Ethics Committee of the First Affiliated Hospital of Third
Military Medical University.

METHODS
HCV-1b core protein was exogenously expressed in
Huh7 cells using pcDNA3.1 (+) vector. The expression
of miR-93-5p and interferon receptor 1 (IFNAR1) was
measured using quantitative reverse transcriptionpolymerase chain reaction and Western blot. The
protein expression and phosphorylation level of STAT1
were evaluated by Western blot. The overexpression
and silencing of miR-93-5p and IFNAR1 were
performed using miR-93-5p agomir and antagomir, and
pcDNA3.1-IFNAR1 and IFNAR1 siRNA, respectively.
Luciferase assay was used to identify whether IFNAR1
is a target of miR-93-5p. Cellular experiments were also
conducted.
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RESULTS
Serum miR-93-5p level was increased in patients with
HCV-1b infection and decreased to normal level after
HCV-1b clearance, but persistently increased in those
with pegylated interferon-α resistance, compared
with healthy subjects. Serum miR-93-5p expression
had an AUC value of 0.8359 in distinguishing patients
with pegylated interferon-α resistance from those
with pegylated interferon-α sensitivity. HCV-1b core
protein increased miR-93-5p expression and induced
inactivation of the IFN signaling pathway in Huh7 cells.
Furthermore, IFNAR1 was identified as a direct target
of miR-93-5p, and IFNAR1 restore could rescue miR93-5p-reduced STAT1 phosphorylation, suggesting that
the miR-93-5p-IFNAR1 axis regulates the IFN signaling
pathway.

the interferon molecule . However, the outcome of
IFN-based therapies depends mainly on the patients’
responsiveness and the HCV genotype, especially HCV
genotype 1 which has shown no sufficient response to
[7]
pegylated interferon-α (IFNα) . The core protein is an
important component of HCV and plays a crucial role
in HCV infection and pegylated IFNα resistance, but
the mechanism underlying HCV core protein-induced
pegylated IFNα resistance remains unclear.
MicroRNAs (miRNAs) are a class of single noncoding RNAs with a length of approximately 20 nt,
[8]
which are involved in the regulation of HCV infection .
Several studies indicated that the expression of
multiple miRNAs, such as miR-122, miR-1, miR-30,
and miR-146a, was regulated by IFN in inhibiting HCV
[9,10]
[11]
replication
. Kim et al
showed that HCV core
protein promoted miR-122 destabilization in Huh7 cells,
suggesting that miRNA expression was also regulated
by HCV core protein. Furthermore, miRNAs can also
inhibit HCV replication and infectivity, such as let-7
[12]
family miRNAs , suggesting that miRNAs may serve
as targets for HCV therapy. The aberrant expression
of miRNAs during HCV infection is involved in HCV[13]
associated host pathways . Recent studies have
shown that miR-93-5p was overexpressed in HCV[14,15]
associated HCC and promoted HCC progression
.
However, whether miR-93-5p plays important roles
in HCV core protein-associated IFN signaling pathway
remains largely unclear.
In the present study, we demonstrated that serum
miR-93-5p expression was higher in HCV-1b-infected
patients with pegylated IFNα resistance compared with
those with pegylated IFNα sensitivity. HCV-1b core
protein increased miR-93-5p expression and inhibited
the IFN signaling pathway in Huh7 cells. Interferon
receptor 1 (IFNAR1) was identified as a direct target of
miR-93-5p, and the miR-93-5p-INFAR1 axis regulated
the IFN signaling pathway.

CONCLUSION
HCV-1b core protein-induced miR-93-5p up-regulation
inhibits the IFN signaling pathway by directly targeting
IFNAR1, and the miR-93-5p-IFNAR1 axis regulates
STAT1 phosphorylation. This axis may be a potential
therapeutic target for HCV-1b infection.
Key words: Hepatitis C virus; miR-93-5p; Interferon
receptor 1; IFN signaling pathway
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatitis C virus-1b core protein increases
miR-93-5p expression and induces inactivation of the
IFN signaling pathway. MiR-93-5p expression is involved
in pegylated interferon-α resistance and directly targets
interferon receptor 1 (IFNAR1). The miR-93-5p-IFNAR1
axis regulates STAT1 phosphorylation.
He CL, Liu M, Tan ZX, Hu YJ, Zhang QY, Kuang XM, Kong
WL, Mao Q. Hepatitis C virus core protein-induced miR-93-5p
up-regulation inhibits interferon signaling pathway by targeting
IFNAR1. World J Gastroenterol 2018; 24(2): 226-236 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v24/i2/226.
htm DOI: http://dx.doi.org/10.3748/wjg.v24.i2.226

MATERIALS AND METHODS
Patients and samples

We enrolled 84 patients who had been identified to
be infected with HCV-1b and 84 healthy subjects at
Southwest Hospital, Third Military Medical University
from July 2012 to June 2016. These patients were
divided into two groups, one of which had pegylated
IFNα resistance and the other had pegylated IFNα
sensitivity. The clinical characteristics of individuals
are described in Table 1. The collection of all samples
obtained the consent from subjects according to
the protocols approved by the Ethics Review Board
of Southwest Hospital Institutional Review Board.
Serum was isolated from blood samples within 2 h
after collection according to the following steps: (1)
centrifugation at 1500 rpm for 10 min, followed by
transferring to new tubes; and (2) centrifugation
at 12000 rpm for 2 min. These steps can prevent
[16]
contamination by the cellular nucleic acids .

INTRODUCTION
Hepatitis C virus (HCV) is a positive-sense singlestranded RNA virus that causes hepatitis, jaundice,
and even fulminant hepatic failure at the beginning
of infection, but in the majority of persons, the
persistent infection with HCV causes cirrhosis and
[1]
hepatocellular carcinoma (HCC) . It is estimated that
chronic hepatitis C impacts approximately 350 million
people and constitutes a significant health burden
[2,3]
worldwide . In the past two decades, interferon
(IFN) has served as the mainstay drug for HCV
treatment, and its effect was improved by the addition
of ribavirin and then by linking polyethylene glycol to
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Table 1 Characteristics of patients with hepatitis C virus-1b infection
Variable

High expression of miR-93-5p

Low expression of miR-93-5p

25
17

20
22

Gender
Male
Female
Age
Median
>44
≤44
HCV-1b treatment
Resistance
Sensitivity

P value
0.382

0.189
19
23

26
16

25
17

9
33

0.001

Differences between variables were analyzed by the χ2 test. HCV: Hepatitis C virus.

Human hepatocellular carcinoma cell line Huh7 was
purchased from ATCC, and cultured in high glucose
Dulbecco’s modified Eagle’s medium (Hyclone, United
States) supplemented with 10% fetal bovine serum
(Gibco, United States) in a humidified incubator with
5% CO2 at 37 ℃.

PCR assay was conducted using the Permix Ex Taq Kit
(TaKaRa) according to the manufacturer’s protocols.
Two microliters of cDNA was used in a qPCR system
containing 10 μL SYBR Premix Ex Taq II, 0.5 μL
ROX Reference Dye II, 0.5 μL reverse primer, 0.5 μL
forward primer, and 6.5 μL nuclease-free H2O. Running
parameters of qPCR were: 95 ℃ for 2 min, followed
by 40 cycles of 95 ℃ for 15 s and 58 ℃ for 30 s. Melt
curves were collected over a range of temperatures
from 58 ℃ to 95 ℃, with an increase of 0.5 ℃ per 5 s.
Primer sequences are showed in Table 2.
The expression of miR-93-5p and IFNAR1 in
-ΔΔCt
Huh7 cells was normalized using the 2
method,
with RNU6B and β-actin used as the references,
respectively. Serum miR-93-5p concentration was
calculated using a standard curve established by the
synthetic miR-93-5p. The standard linearity of miR-935p quantification was generated in each qPCR reaction.
Experimental qRT-PCR data were normalized using the
[16]
synthetic C. elegans miR-39 as described previously .

RNA extraction

Vector construct

Table 2 Primers sequences
mRNA

Sequence

β-actin forward
β-actin reverse
IFNAR1 forward
IFNAR1 reverse
MiR-93-5p forward
MiR-93-5p reverse
U6 forward
U6 reverse

5’-TGTCCACCTTCCAGCAGATGT-3’
5’-TGTCACCTTCACCGTTCCAGTT-3’
5’-TGGTGACAGCGTGAGACTCTT-3’
5’-GCAGTAGCCAGCAGCATCAG-3’
5′- GCCGCCAAAGTGCTGTTC-3′
5′-CAGAGCAGGGTCCGAGGTA-3′
5′-CAGCACATATACTAAAATTGGAACG-3′
5′-ACGAATTTGCGTGTCATCC-3′

IFNAR1: Interferon receptor 1.

Cell culture

DNA oligonucleotides that encode HCV core protein
or Homo sapiens IFNAR1 protein were synthesized
with flanking Spe Ⅰ and Hind Ⅲ restriction enzyme
digestion sites. The synthesized DNA was inserted
into pcDNA3.1 (+) vector (Addgene, United States)
using T4 DNA Ligase according to the manufacturer’s
instructions. DNA oligonucleotides containing wild-type
or mutant 3’-untranslated region (UTR) of IFNAR1
were synthesized with flanking Spe Ⅰ and Hind Ⅲ
restriction enzyme digestion sites, respectively, and
TM
the synthesized DNA was inserted into psiCHECK -2
vector (Promega, Wisconsin, United States). The
sequences of the synthesized DNA are showed in
Table 2.

Total RNA was isolated from cells and serum using TRI
reagent (Invitrogen, Carlsbad, CA, United States) and
TRIzol LS reagent (Invitrogen), respectively, according
to the manufacturer’s instructions. For total RNA
isolated from serum, 10 μL of 0.05 μmol/L synthetic
C. elegans miR-39 (GenePharma, Shanghai, China)
was added to each sample after the samples were
treated with TRIzol LS reagent. Finally, total RNA was
resuspended in 45 μL of pre-heated (65 ℃) nucleasefree water and analyzed using Nanodrop1000 (Thermo,
Massachusetts, United States).

Quantitative reverse transcription-polymerase chain
reaction (qRT-PCR)

Reverse transcription was performed using the
PrimeScript RT reagent Kit (TaKaRa, Dalian, China)
according to the manufacturer’s instructions. One
microgram of total RNA (10 μL) was used for a reverse
transcription system containing 4 μL 5 × reverse
transcription buffer, 4 μL nuclease-free H2O, 1 μL
prime RT enzyme, and 1 μL RT primer. Quantitative
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Oligonucleotide transfection

The gain- or loss-of-function of miR-93-5p was performed
using miR-93-5p agomir (RIBOBIO, Guangzhou, China)
or antagomir (RIBOBIO), respectively. Lipofectamine
2000 (Invitrogen) was used for oligonucleotide
transfection according to the manufacturer’s instruction.
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Luciferase assay

IFNα treatment for 24 wk. PCR finally confirmed that
34 patients had pegylated IFNα resistance and 50
patients had pegylated IFNα sensitivity.
To measure serum miR-93-5p concentration,
we established a dynamic range of miR-93-5p
quantification. The synthetic single-strand miR-93-5p
was serially diluted by 10-fold from concentrations of
1 to 0.00001 fmol, and qRT-PCR experiments showed
the linearity of miR-93-5p quantification (Figure 1A).
For the samples before pegylated IFNα treatment,
serum miR-93-5p expression was significantly
increased in HCV-1b-infected patients compared
with healthy subjects (P < 0.0001) (Figure 1B), and
it was also increased in the patients with pegylated
IFNα sensitivity compared with healthy subjects (P =
0.0100). Interestingly, serum miR-93-5p expression
was higher in patients with pegylated IFNα resistance
than in those with pegylated IFNα sensitivity (P <
0.0001) (Figure 1C). For the samples after pegylated
IFNα treatment, serum miR-93-5p expression was
persistently increased in patients with pegylated
IFNα resistance (P < 0.0001) (Figure 1D), but it was
decreased in patients with pegylated IFNα sensitivity,
similar to that in healthy subjects (Figure 1E). These
data suggest that high level of miR-93-5p in serum
is involved in HCV-1b infection and pegylated IFNα
resistance.

HEK293T cells were cultured in 6-well plates and the
cells in each well were transfected with 200 ng wildtype psiCHECK-IFNAR1-3’-UTR or 200 ng mutant
psiCHECK-IFNAR1-3’-UTR, and then miR-93-5p
agomir (200 nmol/L) or antagomir (200 nmol/L) was
transfected into the cells using lipofectamine 2000,
respectively. Twenty-four hours after transfection,
the cells were collected and lysed using the
luciferase reporter assay system according to the
manufacturer’s instructions, followed by detection of
fluorescence activity using GloMax 20/20 Luminometer.

Western blot analysis

Total protein from tissues and cells was extracted
using the RIPA Lysis and Extraction Buffer (Thermo)
according to the manufacturer’s instructions. Western
blot assay was performed according to the standard
protocol. Briefly, total proteins were separated using
8% or 10% SDS-PAGE gels, followed by transfer onto
PVDF membranes. Skim milk (5%) or bovine serum
albumin solution (used for p-STAT1 antibody) was
used to block the PVDF membranes. Anti-IFNAR1
(Abcam, Cambridge, United Kingdom), anti-STAT1 (Cell
Signaling Technology, Boston, United States), anti-pSTAT1 (Cell Signaling Technology), and anti-GAPDH
(Cell Signaling Technology) antibodies were used to
incubate the PVDF membranes overnight. Then, a
horseradish peroxidase-conjugated secondary antibody
(Zhongshan Biotechnology, Beijing, China) was used
to incubate the PVDF membranes for 1 h. The PVDF
membranes were washed using 1 × TBST solution
three times and visualized using the SuperSignal West
Dura Extended Duration Substrate kit (Thermo).

Serum miR-93-5p in patients with HCV-1b infection is
involved in pegylated IFNα resistance

To determine whether serum miR-93-5p concentration
can serve as a biomarker for predicting pegylated
IFNα resistance, receiver operating characteristics
(ROC) curve analysis was performed. The results
showed an area under the curve (AUC) value of
0.8846 for serum miR-93-5p in distinguishing HCV1b-infected patients from healthy subjects (Figure
2A), an AUC value of 0.8562 in distinguishing patients
with pegylated IFNα sensitivity from healthy subjects
(Figure 2B), an AUC value of 0.9265 in distinguishing
patients with pegylated IFNα resistance from healthy
subjects (Figure 2C), and an AUC value of 0.8359 in
distinguishing patients with pegylated IFNα resistance
from those with pegylated IFNαsensitivity (Figure 2D).
The detailed information is showed in Table 3. These
data suggest that serum miR-93-5p concentration may
serve as a biomarker for pegylated IFNα resistance in
HCV-1b-infected patients.

Statistical analysis

All data are presented as mean ± SD. The difference
between two groups was analyzed using the MannWhitney test or the two-tailed Student’s t-test. Oneway ANOVA was used for three or more groups.
The relationship between the expression of miR93-5p and IFNAR1 mRNA was evaluated using the
Pearson’s correlation. A P-value < 0.05 was considered
statistically significant. All statistical analyses and the
generation of graphs were performed using GraphPad
Prism 6.0 (Graphpad Software Inc, California, United
Kingdom).

RESULTS

HCV-1b core protein increases miR-93-5p expression
and induces inactivation of the IFN signaling pathway

Serum miR-93-5p expression is increased in HCV-1binfected patients

HCV core protein plays an important role in HCV
infection. To determine whether HCV-1b infection
could regulate miR-93-5p expression, HCV-1b core
protein was enforcedly expressed in Huh7 cells (P =
0.0032) (Figure 3A). This approach was widely used
in HCV studies due to its capability in supporting HCV
replication. A previous study has shown that HCV-1b
[11]
core protein decreased mature miR-122 expression .

MiR-93-5p has been shown to be overexpressed in
[14]
HCV-infected HCC tissues . To determine whether
miR-93-5p expression is also increased in serum
of HCV-infected patients, we collected 168 serum
samples, including 84 samples from 84 patients with
HCV-1b infection before pegylated IFNα treatment and
84 samples from the same patients after pegylated
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Figure 1 Serum miR-93-5p expression is increased in hepatitis C virus-1b-infected patients. A: The linearity of miR-93-5p quantification; B: Box shows serum
miR-93-5p concentrations in 84 patients with HCV-1b infection, compared with 84 healthy subjects; C: Box shows serum miR-93-5p concentrations in 50 HCV-1binfected patients with pegylated IFNα sensitivity and 34 HCV-1b-infected patients with pegylated IFNα resistance, compared with 84 healthy subjects; D: Scatter
shows serum miR-93-5p concentrations in 84 healthy subjects and 50 HCV 1b-infected patients with pegylated IFNα sensitivity before or after treatment; E: Scatter
shows serum miR-93-5p concentrations in 84 healthy subjects and 34 HCV 1b-infected patients with pegylated IFNα resistance before or after treatment. HCV:
Hepatitis C virus; IFNα: Interferon-α.

Thus, we repeated these experiments and confirmed
that HCV-1b core protein could reduce miR-122
expression (P = 0.0207) (Figure 3B), suggesting that
exogenous HCV-1b core protein worked in Huh7 cells.
Then, we found that HCV-1b core protein significantly
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increased miR-93-5p expression in Huh7 cells (P =
0.0004) (Figure 3C).
Although the treatment of pegylated IFN plus
ribavirin was used, the sustained virological response
(SVR) rate was around 50%-79% for HCV type 1/4

230

January 14, 2018|Volume 24|Issue 2|

He CL et al . miR-93-5p promotes HCV-1b infection
Table 3 Receiver operating characteristics curve analysis of serum miR-93-5p concentration
AUC

Sensitivity

Specificity

Cut-off value (amol/μL)

0.7619
0.7000
0.8529
0.7647

1
1
1
1

0.009774
0.009774
0.010870
0.030300

0.8846 (Infection vs Healthy)
0.8562 (Sensitivity vs Healthy)
0.9265 (Infection vs Resistance)
0.8359 (Resistance vs Sensitivity)

Infection: HCV-1b-infected patients; Healthy: Healthy subjects; Sensitivity: Patients with pegylated IFNα sensitivity; Resistance: Patients with pegylated
IFNα resistance.
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Figure 2 Serum miR-93-5p in patients with hepatitis C virus-1b infection is involved in pegylated interferon-α resistance. A: Receiver operating
characteristics (ROC) curve shows an AUC value of 0.8846 for serum miR-93-5p concentration in distinguishing HCV-1b-infected patients from healthy subjects; B
and C: ROC curve shows AUC values of 0.8562 and 0.9265 in distinguishing HCV-1b-infected patients with pegylated IFNα sensitivity or resistance from healthy
subjects, respectively; D: ROC curve shows an AUC value of 0.8359 in distinguishing HCV-1b-infected patients with pegylated IFNα resistance from those with
pegylated IFNα sensitivity. HCV: Hepatitis C virus; IFNα: Interferon-α.
[17]

and 75%-94% for HCV type 2/3 , suggesting that
IFN-α resistance largely existed in HCV-1b infection.
Thus, we speculated whether HCV-1b core protein
could regulate the IFN signaling pathway. We initially
measured the protein expression of IFNAR1 and
STAT1, as well as the phosphorylation level of STAT1.
As expected, our finding showed that HCV-1b core
protein significantly decreased the protein expression
of IFNAR1 and the phosphorylation level of STAT1,
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but the protein expression of STAT1 was not changed
(Figure 3D and E). These data suggest that HCV-1b
core protein induces inactivation of the IFN signaling
pathway.

Interferon receptor 1 is a direct target of miR-93-5p

Next, we determined whether miR-93-5p is involved
in HCV-1b core protein-induced inactivation of the
IFN signaling pathway. As well known that miRNA
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Figure 3 Hepatitis C virus-1b core protein increases miR-93-5p expression and inactivates the interferon signaling pathway. A: HCV core protein is
enforcedly expressed in Huh7 cells using pcDNA3.1 (+) vector. Western blot shows HCV core protein expression. This experiment was repeated twice; B: Bar
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exerting its function depends on its target, we used
five databases (TargetScan, PicTar, RNA22, PITA, and
MiRanda) to predict the targets of miR-93-5p, and
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found that IFNAR1 may be a potential target of miR93-5p. IFNAR1 mRNA has three potential binding
sites for miR-93-5p in the 3’-UTR. To confirm whether
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IFNAR1 is a target of miR-93-5p, we constructed the
vectors containing wild-type 3’-UTR or mutant 3’-UTR
of IFNAR1 mRNA using psiCHECK vector (Figure 4A).
Luciferase assay revealed that miR-93-5p agomir
significantly reduced the relative luciferase activity in
the presence of binding site 1 (P < 0.0001) or 2 (P
= 0.0173), rather than site 3. However, the relative
luciferase activity had no significant change in the
presence of the mutant binding sites, compared with
NC (Figure 4B). Furthermore, miR-93-5p agomir also
decreased the protein (P = 0.0261) and mRNA (P =
0.0065) expression of IFNAR1 in Huh7 cells compared
with NC, while opposite results were found after miR93-5p antagomir treatment (P = 0.0109, P = 0.0089)
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(Figure 4C, D, and E). Together, these data suggest
that IFNAR1 is a direct target of miR-93-5p.

The miR-93-5p-IFNAR1 axis regulates the IFN signaling
pathway

STAT1, a transcription factor, plays a crucial role
in the IFN signaling pathway. Several studies have
shown that IFNAR1 regulates the phosphorylation
[18-20]
level of STAT1
. However, it is unclear whether
the miR-93-5p-IFNAR1 axis could regulate the
phosphorylation level of STAT1 in Huh7 cells. Thus,
we induced the enforced expression or silencing of
IFNAR1 in Huh7 cells using pcDNA3.1 (+) vectors and
IFNAR1 siRNA, respectively (Figure 5A). Western blot
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analysis showed that IFNAR1 knockdown significantly
decreased the phosphorylation level of STAT1 (P =
0.0021), but not the protein expression of STAT1,
whereas IFNAR1 overexpression significantly increased
the phosphorylation level of STAT1 (P = 0.0153)
(Figure 5B and C). Furthermore, miR-93-5p agomir
significantly decreased the phosphorylation level of
STAT1 (P = 0.0077), whereas miR-93-5p inhibitors
significantly increased it (P = 0.0262) (Figure 5D and
E). To further confirm that the miR-93-5p-IFNAR1 axis
could regulate STAT1 phosphorylation, a rescue assay
was carried out. The results showed that IFNAR1
overexpression rescued miR-93-5p-induced decrease

WJG|www.wjgnet.com

of STAT1 phosphorylation level in Huh7 cells (Figure
5F). These data suggest that the miR-93-5p-IFNAR1
axis regulates the STAT1 signaling pathway.

DISCUSSION
In the present study, we found that serum miR-935p expression was increased in patients with HCV1b infection compared with healthy subjects, and was
higher in HCV-1b-infected patients with pegylated
IFNα resistance than in those with pegylated IFNα
sensitivity. We also found that HCV-1b core protein
could increase miR-93-5p expression and decrease
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α-triggered STAT signaling pathway, and inhibition
of this pathway could increase HCV RNA replication.
These data strongly support our finding that the miR93-5p-IFNAR1 axis regulates STAT1 phosphorylation
and thereby affects the therapeutic effect of pegylated
IFNα.
In addition, HCV infection could reduce the
protein expression of STAT1 and STAT3 by promoting
[24]
proteasomal degradation , but our data revealed that
HCV-1b infection could regulate STAT1 phosphorylation
via the miR-93-5p-IFNAR1 axis. Although we identified
the role and mechanism of miR-93-5p in regulating the
IFN signaling pathway in Huh7 cells, an in vivo study
needs to be performed in the future.
In conclusion, we found that HCV-1b core protein
increased miR-93-5p expression and identified that
IFNAR1 is a direct target of miR-93-5p. Moreover,
the miR-93-5p-IFNAR1 axis regulated STAT1 pho
sphorylation, suggesting that this axis might be a
novel therapeutic target for HCV-1b infection (Figure 6).

HCV-1b
5'UTR

Core

E1

Other proteins

3'UTR

miR-93-5p
IFNAR1

STAT1

P

HCV replication

Figure 6 Schematic figure illustrating the mechanism that hepatitis C
virus-1b core protein induces inactivation of the interferon signaling
pathway via regulating miR-93-5p.

IFNAR1 expression, and further identified that IFNAR1
is a direct target of miR-93-5p. Furthermore, our
findings showed that the miR-93-5p-IFNAR1 axis could
regulate STAT1 phosphorylation.
MiR-93-5p belongs to the miR-106-25 cluster
which plays a crucial role in cancer development. Yen
[14]
et al
found that three miRNAs in the miR-106-25
cluster were overexpressed in HCC tissues and their
data suggested that miR-93-5p was upregulated in
HCV-associated HCC tissues. In addition, miR-935p overexpression was also involved in HCV-positive
[21]
cirrhosis . In our study, we found that miR-93-5p
overexpression was associated with pegylated IFNα
resistance of HCV-1b, which is the most prevalent
type of HCV in China and highly resists to IFNα
treatment. HCV core protein, an important component
of HCV, promoted the dysregulation of miRNAs, such
[11]
as miR-122 . However, whether HCV core protein
regulates miR-93-5p expression remains largely
unclear. Our findings demonstrated that HCV core
protein increased miR-93-5p expression in Huh7 cells.
[15]
Ohta et al
demonstrated that miR-93 directly
targets PTEN and CDKN1A, thereby activating pro
liferation and inhibiting apoptosis through the c-Met/
PI3K/Akt pathway. In our study, we integrated five
databases to find and further confirm that IFNAR1, a
receptor of IFNα and IFNβ, is a potential target of miR93-5p, implying that miR-93-5p has multiple targets in
hepatocytes, but our data suggested that the miR-935p-IFNAR1 axis might be mainly involved in HCV-1b
[22]
infection. Recently, Ma et al
showed that the miR93-5p/IFNAR1 axis promotes gastric cancer metastasis
by activating the STAT3 signaling pathway. These data
strongly support our finding that IFNAR1 is a target of
miR-93-5p in hepatocyte cells. We believe that similar
mechanism in different types of cells may play different
roles. As well known that IFNAR1 plays a crucial role in
the IFN signaling pathway, our study then confirmed
that the miR-93-5p-IFNAR1 axis regulates the
phosphorylation level of STAT1, which is an important
transcription factor in the IFN signaling pathway. Zhao
[23]
et al
have confirmed that IFNAR mediates the IFN-
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ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Hepatitis C virus (HCV)-1b core protein is an important component of HCV and
plays a crucial role in HCV infection and pegylated IFNα resistance, but the
mechanism underlying HCV core protein-induced pegylated IFNα resistance
remains unclear.

Research motivation

Our findings highlight the mechanism that HCV-1b core protein induces pegylated
IFNα resistance via regulating the miR-93-5p-interferon receptor 1 (IFNAR1) axis.
This axis may be a potential therapeutic target for HCV-1b treatment.

Research objectives

The objective of this study was to elucidate why HCV-1b causes pegylated
IFNα resistance. It is partially realized and provides a clue for drug design of
HCV-1b treatment.

Research methods

The research methods included cell culture, RNA extraction, qRT-PCR, vector
construct, oligonucleotide transfection, luciferase assay, and Western blot.
Data analysis was performed using multiple statistical methods that include the
Mann-Whitney test, two-tailed Student’s t -test, one-way ANOVA, and Pearson’s
correlation. Eighty-four patients with HCV-1b infection and 84 healthy subjects
were enrolled in this study.

Research results

This study found that serum miR-93-5p expression was increased in patients
with HCV-1b infection and HCV-1b core protein increased miR-93-5p expression,
identified that IFNAR1 is a target of miR-93-5p, and further demonstrated that the
miR-93-5p-IFNAR1 axis regulated the IFN signaling pathway.

Research conclusions

This study found that HCV-1b increases miR-93-5p expression, IFNAR1 is a
target of miR-93-5p in hepatocyte, and miR-93-5p-IFNAR1 axis regulates the
IFN signaling pathway. This study also provided some evidence that HCV-1b
induces pegylated IFNα resistance by regulating the miR-93-5p-IFNAR1 axis,
suggesting that the miR-93-5p-IFNAR1 axis might be a potential therapeutic
target for HCV-1b infection.

Research perspectives

This study demonstrated the mechanism by which miR-93-5p inhibits the IFN
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signaling pathway in vitro , but an in vivo study needs to be performed in the
future. The design of siRNAs which exclusively destroy the miR-93-5p-IFNAR1
axis may be important for improving the therapeutic effect of pegylated IFNα.

14

15

REFERENCES
1
2
3
4

5

6

7
8
9

10

11

12

13

Thomas DL. Global control of hepatitis C: where challenge meets
opportunity. Nat Med 2013; 19: 850-858 [PMID: 23836235 DOI:
10.1038/nmol/L.3184]
Dubuisson J, Cosset FL. Virology and cell biology of the hepatitis
C virus life cycle: an update. J Hepatol 2014; 61: S3-S13 [PMID:
25443344 DOI: 10.1016/j.jhep.2014.06.031]
Horsley-Silva JL, Vargas HE. New Therapies for Hepatitis C
Virus Infection. Gastroenterol Hepatol (NY) 2017; 13: 22-31
[PMID: 28420944]
Manns MP, McHutchison JG, Gordon SC, Rustgi VK, Shiffman
M, Reindollar R, Goodman ZD, Koury K, Ling M, Albrecht JK.
Peginterferon alfa-2b plus ribavirin compared with interferon
alfa-2b plus ribavirin for initial treatment of chronic hepatitis C:
a randomised trial. Lancet 2001; 358: 958-965 [PMID: 11583749
DOI: 10.1016/S0140-6736(01)06102-5]
Palisoc AM, Fayad J, Singh AK, Farnham IM. Induction therapy
of interferon alfa-2b in combination with ribavirin as initial
treatment for chronic hepatitis C genotype 1: A pilot study. Am J
Gastroenterol 2006; 101: S164-S164
Ascione A, De Luca M, Tartaglione MT, Lampasi F, Di Costanzo
GG, Lanza AG, Picciotto FP, Marino-Marsilia G, Fontanella L,
Leandro G. Peginterferon alfa-2a plus ribavirin is more effective
than peginterferon alfa-2b plus ribavirin for treating chronic
hepatitis C virus infection. Gastroenterology 2010; 138: 116-122
[PMID: 19852964 DOI: 10.1053/j.gastro.2009.10.005]
Pawlotsky JM. New hepatitis C therapies: the toolbox, strategies,
and challenges. Gastroenterology 2014; 146: 1176-1192 [PMID:
24631495 DOI: 10.1053/j.gastro.2014.03.003]
Lindow M, Kauppinen S. Discovering the first microRNAtargeted drug. J Cell Biol 2012; 199: 407-412 [PMID: 23109665
DOI: 10.1083/jcb.201208082]
Pedersen IM, Cheng G, Wieland S, Volinia S, Croce CM, Chisari
FV, David M. Interferon modulation of cellular microRNAs as
an antiviral mechanism. Nature 2007; 449: 919-922 [PMID:
17943132 DOI: 10.1038/nature06205]
Boldanova T, Suslov A, Heim MH, Necsulea A. Transcriptional
response to hepatitis C virus infection and interferon-alpha
treatment in the human liver. EMBO Mol Med 2017; 9: 816-834
[PMID: 28360091 DOI: 10.15252/emmm.201607006]
Kim GW, Lee SH, Cho H, Kim M, Shin EC, Oh JW. Hepatitis C
Virus Core Protein Promotes miR-122 Destabilization by Inhibiting
GLD-2. PLoS Pathog 2016; 12: e1005714 [PMID: 27366906 DOI:
10.1371/journal.ppat.1005714]
Cheng M, Si Y, Niu Y, Liu X, Li X, Zhao J, Jin Q, Yang W.
High-throughput profiling of alpha interferon- and interleukin28B-regulated microRNAs and identification of let-7s with antihepatitis C virus activity by targeting IGF2BP1. J Virol 2013; 87:
9707-9718 [PMID: 23824794 DOI: 10.1128/JVI.00802-13]
Singaravelu R, Russell RS, Tyrrell DL, Pezacki JP. Hepatitis C virus
and microRNAs: miRed in a host of possibilities. Curr Opin Virol
2014; 7: 1-10 [PMID: 24721496 DOI: 10.1016/j.coviro.2014.03.004]

16

17

18

19

20

21

22

23

24

Yen CS, Su ZR, Lee YP, Liu IT, Yen CJ. miR-106b promotes
cancer progression in hepatitis B virus-associated hepatocellular
carcinoma. World J Gastroenterol 2016; 22: 5183-5192 [PMID:
27298561 DOI: 10.3748/wjg.v22.i22.5183]
Ohta K, Hoshino H, Wang J, Ono S, Iida Y, Hata K, Huang SK,
Colquhoun S, Hoon DS. MicroRNA-93 activates c-Met/PI3K/Akt
pathway activity in hepatocellular carcinoma by directly inhibiting
PTEN and CDKN1A. Oncotarget 2015; 6: 3211-3224 [PMID:
25633810 DOI: 10.18632/oncotarget.3085]
Li BS, Zhao YL, Guo G, Li W, Zhu ED, Luo X, Mao XH, Zou
QM, Yu PW, Zuo QF, Li N, Tang B, Liu KY, Xiao B. Plasma
microRNAs, miR-223, miR-21 and miR-218, as novel potential
biomarkers for gastric cancer detection. PLoS One 2012; 7: e41629
[PMID: 22860003 DOI: 10.1371/journal.pone.0041629]
Huang CF, Huang JF, Yang JF, Hsieh MY, Lin ZY, Chen SC,
Wang LY, Juo SH, Chen KC, Chuang WL, Kuo HT, Dai CY, Yu
ML. Interleukin-28B genetic variants in identification of hepatitis
C virus genotype 1 patients responding to 24 weeks peginterferon/
ribavirin. J Hepatol 2012; 56: 34-40 [PMID: 21703176 DOI:
10.1016/j.jhep.2011.03.029]
de Weerd NA, Matthews AY, Pattie PR, Bourke NM, Lim SS,
Vivian JP, Rossjohn J, Hertzog PJ. A hot spot on interferon α/β
receptor subunit 1 (IFNAR1) underpins its interaction with
interferon-β and dictates signaling. J Biol Chem 2017; 292:
7554-7565 [PMID: 28289093 DOI: 10.1074/jbc.M116.773788]
Hurtado-Guerrero I, Pinto-Medel MJ, Urbaneja P, Rodriguez-Bada
JL, León A, Guerrero M, Fernández Ó, Leyva L, Oliver-Martos
B. Activation of the JAK-STAT Signaling Pathway after In Vitro
Stimulation with IFNß in Multiple Sclerosis Patients According to
the Therapeutic Response to IFNß. PLoS One 2017; 12: e0170031
[PMID: 28103257 DOI: 10.1371/journal.pone.0170031]
Chmiest D, Sharma N, Zanin N, Viaris de Lesegno C, ShafaqZadah M, Sibut V, Dingli F, Hupé P, Wilmes S, Piehler J, Loew
D, Johannes L, Schreiber G, Lamaze C. Spatiotemporal control of
interferon-induced JAK/STAT signalling and gene transcription
by the retromer complex. Nat Commun 2016; 7: 13476 [PMID:
27917878 DOI: 10.1038/ncomms13476]
Oksuz Z, Serin MS, Kaplan E, Dogen A, Tezcan S, Aslan G,
Emekdas G, Sezgin O, Altintas E, Tiftik EN. Serum microRNAs;
miR-30c-5p, miR-223-3p, miR-302c-3p and miR-17-5p could be
used as novel non-invasive biomarkers for HCV-positive cirrhosis
and hepatocellular carcinoma. Mol Biol Rep 2015; 42: 713-720
[PMID: 25391771 DOI: 10.1007/s11033-014-3819-9]
Ma DH, Li BS, Liu JJ, Xiao YF, Yong X, Wang SM, Wu YY, Zhu
HB, Wang DX, Yang SM. miR-93-5p/IFNAR1 axis promotes
gastric cancer metastasis through activating the STAT3 signaling
pathway. Cancer Lett 2017; 408: 23-32 [PMID: 28842285 DOI:
10.1016/j.canlet.2017.08.017]
Zhao LJ, He SF, Liu Y, Zhao P, Bian ZQ, Qi ZT. Inhibition of
STAT Pathway Impairs Anti-Hepatitis C Virus Effect of Interferon
Alpha. Cell Physiol Biochem 2016; 40: 77-90 [PMID: 27855377
DOI: 10.1159/000452526]
Stevenson NJ, Bourke NM, Ryan EJ, Binder M, Fanning L,
Johnston JA, Hegarty JE, Long A, O’Farrelly C. Hepatitis C
virus targets the interferon-α JAK/STAT pathway by promoting
proteasomal degradation in immune cells and hepatocytes. FEBS
Lett 2013; 587: 1571-1578 [PMID: 23587486 DOI: 10.1016/
j.febslet.2013.03.041]
P- Reviewer: Kocazeybek B, Watanabe T S- Editor: Chen K
L- Editor: Wang TQ E- Editor: Li RF

WJG|www.wjgnet.com

236

January 14, 2018|Volume 24|Issue 2|

World J Gastroenterol 2018 January 14; 24(2): 237-247

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v24.i2.237

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

ORIGINAL ARTICLE
Basic Study

Transplantation of bone marrow-derived endothelial
progenitor cells and hepatocyte stem cells from liver
fibrosis rats ameliorates liver fibrosis
Ling Lan, Ran Liu, Ling-Yun Qin, Peng Cheng, Bo-Wei Liu, Bing-Yong Zhang, Song-Ze Ding, Xiu-Ling Li
the Animal Experiment Center of Henan Province, China
[SCXK(Yu)2005-0001].

Ling Lan, Bo-Wei Liu, Bing-Yong Zhang, Song-Ze Ding, XiuLing Li, Department of Gastroenterology and Hepatology, the
People’s Hospital of Zhengzhou University (the Henan Provincial
People’s Hospital), Zhengzhou 450003, Henan Province, China

Conflict-of-interest statement: Potential conflicts of interest do
not exist.

Ran Liu, Department of Oncology, Henan Provincial Rongjun
Hospital, Xinxiang 453000, Henan Province, China

Data sharing statement: No additional data are available.

Ling-Yun Qin, Department of Gastroenterology and Hepatology,
the Children’s Hospital of Zhengzhou, Zhengzhou 450003,
Henan Province, China

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/

Peng Cheng, Intensive Care Unit, the Second Affiliated Hospital
of Luohe Medical College, Luohe 462000, Henan Province,
China
ORCID number: Ling Lan (0000-0001-9744-4545); Ran Liu
(0000-0001-6083-8049); Ling-Yun Qin (00 00-000 1-6341-2895);
Peng Cheng (0000-0001-5217-8693); Bo-Wei Liu (0 000-00
03-1664-5172); Bing-Yong Zhang (00 00-0003-4980-7246);
Song-Ze Ding (0000-0002-4589-6942); Xiu-Ling Li (0000-0
002-3313-4801).

Manuscript source: Unsolicited manuscript
Correspondence to: Ling Lan, PhD, MD, Associate Professor,
Department of Gastroenterology and Hepatology, the People’
s Hospital of Zhengzhou University (the Henan Provincial
People’s Hospital), 7 Weiwu Road, Zhengzhou 450003, Henan
Province, China. lanling95@163.com
Telephone: +86-371-65580603
Fax: +86-371-6596 4376

Author contributions: Lan L and Liu R contributed equally to
this study and are the co-first authors; Lan L and Liu R designed
the study; Lan L, Liu R, Qin LY, Cheng P and Zhang BY
performed the study; Lan L, Liu R and Qin LY wrote the paper;
Liu BW and Zhang BY established the rat models; Ding SZ and
Li XL collected and analyzed the data.

Received: September 30, 2017
Peer-review started: October 1, 2017
First decision: October 25, 2017
Revised: November 6, 2017
Accepted: November 22, 2017
Article in press: November 22, 2017
Published online: January 14, 2018

Supported by the National Natural Science Foundation of
China, No. 30900598; the Basic and Advanced Technology
Research Program of Henan Province, No. 142300410380; and
the Medical Science and Technology Project of Henan Province,
No. 201303211.
Institutional review board statement: The study was reviewed
and approved by the Institutional Review Board of Henan
Provincial People’s Hospital, China.

Abstract

Institutional animal care and use committee statement:
All procedures involving animals were reviewed and approved
by the Institutional Animal Care and Use committee of

WJG|www.wjgnet.com

AIM
To explore the effectiveness for treating liver fibrosis
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by combined transplantation of bone marrow-derived
endothelial progenitor cells (BM-EPCs) and bone
marrow-derived hepatocyte stem cells (BDHSCs) from
the liver fibrosis environment.

Core tip: In addition to liver regeneration, hepatic
neovascularization and endothelial/sinusoidal re
modeling are critical factors for the treatment of liver
fibrosis. Bone marrow-derived endothelial progenitor
cells (BM-EPCs) have been shown to play a role in
hepatic angiogenesis and to be beneficial in liver
fibrosis. However, BM-EPCs are all derived from healthy
individuals in recent studies. Here, we evaluated the
feasibility of obtaining normal BM-EPCs from rats
with liver fibrosis, and the effectiveness of combined
transplantation of BM-EPCs and bone marrow-derived
hepatocyte stem cells for treating liver fibrosis in order
to achieve the dual effects of hepatic neovascularization
and liver regeneration.

METHODS
The liver fibrosis rat models were induced with carbon
tetrachloride injections for 6 wk. BM-EPCs from rats
with liver fibrosis were obtained by different rates of
adherence and culture induction. BDHSCs from rats
with liver fibrosis were isolated by magnetic bead cell
sorting. Tracing analysis was conducted by labeling
EPCs with PKH26 in vitro to show EPC location in the
liver. Finally, BM-EPCs and/or BDHSCs transplantation
into rats with liver fibrosis were performed to evaluate
the effectiveness of BM-EPCs and/or BDHSCs on liver
fibrosis.

Lan L, Liu R, Qin LY, Cheng P, Liu BW, Zhang BY, Ding SZ,
Li XL. Transplantation of bone marrow-derived endothelial
progenitor cells and hepatocyte stem cells from liver fibrosis
rats ameliorates liver fibrosis. World J Gastroenterol 2018;
24(2): 237-247 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i2/237.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i2.237

RESULTS
Normal functional BM-EPCs from liver fibrosis rats
were successfully obtained. The co-expression level of
CD133 and VEGFR2 was 63.9% ± 2.15%. Transplanted
BM-EPCs were located primarily in/near hepatic
sinusoids. The combined transplantation of BM-EPCs
and BDHSCs promoted hepatic neovascularization,
liver regeneration and liver function, and decreased
collagen formation and liver fibrosis degree. The
VEGF levels were increased in the BM-EPCs (707.10 ±
54.32) and BM-EPCs/BDHSCs group (615.42 ± 42.96),
compared with those in the model group and BDHSCs
group (P < 0.05). Combination of BM-EPCs/BDHSCs
transplantation induced maximal up-regulation of PCNA
protein and HGF mRNA levels. The levels of alanine
aminotransferase (AST), aspartate aminotransferase,
total bilirubin (TBIL), prothrombin time (PT) and
activated partial thromboplastin time in the BMEPCs/BDHSCs group were significantly improved, to
be equivalent to normal levels (P > 0.05) compared
with those in the BDHSC (AST, TBIL and PT, P <
0.05) and BM-EPCs (TBIL and PT, P < 0.05) groups.
Transplantation of BM-EPCs/BDHSCs combination
significantly reduced the degree of liver fibrosis (staging
score of 1.75 ± 0.25 vs BDHSCs 2.88 ± 0.23 or BMEPCs 2.75 ± 0.16, P < 0.05).

INTRODUCTION
Liver fibrosis is the scarring process involved in
the response of liver to injury. Most hepatocellular
carcinoma, which is among the leading causes of cancer
death worldwide, develops in the context of severe liver
fibrosis and cirrhosis. Liver fibrosis is a necessary stage
for cirrhosis and liver cancer. Bone marrow stem cells
(BMSCs) have been recently used to treat liver fibrosis;
whereas, BMSCs transplantation is not an effective
treatment for liver fibrosis, due to the histopathological
characteristics of liver fibrosis including deposition of
excessive extracellular matrix, remodeling of abnormal
[1-6]
vascular and sinusoid constriction . Low levels of
engraftment and proliferation of exogenous cells in the
[4,7]
liver parenchyma , inhibition of endogenous liver
[4]
regeneration and lack of a role in promoting hepatic
neovascularization are the potential major drawbacks of
[8]
BMSC transplantation therapy .
Endothelial progenitor cells (EPCs) have been shown
[9]
to play a function in angiogenesis and vasculogenesis .
EPCs have been used for the treatment of liver fibrosis/
[10-15]
cirrhosis in rats
. Previous studies demonstrated that
transplantation of bone marrow-derived EPCs (BM-EPCs)
have a potential role in hepatic neovascularization,
endothelial/sinusoidal remodeling and increased hepatic
[10,13]
blood flow
. However, BM-EPCs were all derived
from healthy rats in these studies. In the present
study, we sought to evaluate the feasibility of clinical
application of autogenous EPCs therapy by using normal
BM-EPCs obtained from liver fibrosis rats.
Furthermore, loss and destruction of functional

CONCLUSION
The combined transplantation exhibited maximal th
erapeutic effect compared to that of transplantation of
BM-EPCs or BDHSCs alone. Combined transplantation
of autogenous BM-EPCs and BDHSCs may represent a
promising strategy for the treatment of liver fibrosis,
which would eventually prevent cirrhosis and liver
cancer.
Key words: Bone marrow; Endothelial progenitor cells;
Liver stem cell; Cell transplantation; Liver fibrosis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.
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[16]

[18-22]

hepatocytes is another feature of liver fibrosis . BMSCs
have been shown to restore and regenerate hepatic
[17]
tissue . Our previous study demonstrated that β2m /
+
Thy-1 bone marrow-derived hepatocyte stem cells
(BDHSCs) derived from the pathoenvironment of liver
[18]
injury in rats, which could be hepatocyte progenitors ,
promoted hepatocyte proliferation and liver regeneration
[19]
in liver fibrosis rats . Thus, a combined transplantation
of BM-EPCs and BDHSCs may be more beneficial
to liver fibrosis than transplantation of BM-EPCs or
BDHSCs alone.
In the present study, we successfully obtained
normal EPCs in vitro from bone marrow in liver fibrosis
rats and evaluated the effectiveness of combined
transplantation of BM-EPCs and BDHSCs in vivo for the
treatment of liver fibrosis.

magnetic bead cell sorting as previously reported

Flow cytometry for phenotypes of BM-EPCs

6

After 10 d of culture under inducing conditions, 2 × 10
BM-EPCs were incubated with the FcR blocking reagent
(Miltenyi Biotec Inc., Auburn, CA, United States) and
fluorescein isothiocyanate (FITC)-conjugated rabbit
anti-rat CD133 antibody (BD Biosciences) and rabbit
anti-rat vascular endothelial growth factor receptor
2 (VEGFR2) antibody (BD Biosciences) for 30 min
at 4 ℃ , respectively. Then, cells were incubated
with phycoerythrin (PE)-conjugated goat antirabbit secondary antibody (BD Biosciences) for 30
min at 4 ℃. The phenotypic expression of BM-EPCs
was analyzed by flow cytometry (FACS Scan flow
6
cytometer; BD). BMMCs (2 × 10 ) cultured without
induction for 10 d were used as a control.

MATERIALS AND METHODS

Functional identification of BM-EPCs

Ethics and animals

BM-EPCs induced for 10 d were incubated with the
inducing medium with 1,1’-dioctadecyl-3,3,3’,3’tetramethyl indocarbocyanine perchlorate-labeled
acetylated low-density lipoprotein (DiI-acLDL)
(Molecular Probes, Eugene, OR, United States) for 4
h at 37 ℃ in the dark. The cells were fixed with 4%
paraformaldehyde for 20 min and incubated with the
inducing medium with FITC-conjugated ulex europaeus
agglutinin I (FITC-UEA-I) (Sigma-Aldrich) for 1 h at
37 ℃ in the dark. The cells were photographed under a
fluorescence microscope.
For the analysis of capillary tube formation, Matrigel
(BD Biosciences, Heidelberg, Germany) was added to
the wells of a pre-cooling 24-well plate at 0 ℃, and
allowed to solidify at 37 ℃ for 40 min. After 10 d of
culture induction, BM-EPCs with the inducing medium
5
were added into the wells (8 × 10 cells/well). Capillary
tube formation on Matrigel was observed under an
optical microscope after 24 h of incubation.

Wistar rats (male, 8 wk, 250-300 g) (Animal Ex
periment Center of Henan Province, China) were
housed in a standard animal laboratory. Animal studies
were approved by the Animal Ethics Committee of
Zhengzhou University and were in compliance with the
Chinese National Regulations on the Use of Experimental
Animals.

Isolation and culture of BM-EPCs and BDHSCs

The isolation and culture of BM-EPCs and BDHSCs
[20]
were performed as described by Smadja et al
and
[21]
Schatteman et al . Wistar rats were subcutaneously
injected with a 2:3 solution of carbon tetrachloride
(CCl4) and olive oil at a dose of 3 ml/kg body weight
(double doses for the first time) twice per week for 6
wk to induce liver fibrosis. Bone marrow cells of rats
with liver fibrosis were obtained by flushing femurs
and humerus with DMEM/F12 medium (Gibco, New
York, NY, United States). Bone marrow mononuclear
cells (BMMCs) were then isolated by density gradient
centrifugation with Histopaque 1077 (Sigma-Aldrich,
St. Louis, MO, United States) from bone marrow cells.
After washing with red blood cell lysis buffer, BMMCs
were seeded into culture flasks in DMEM/F12 medium
supplemented with 10% fetal bovine serum (Gibco).
After 24 h, the plastic-adherent cells were removed,
and the nonadherent cells were collected, washed
and replated into fibronectin-coated (10 μg/mL; BD
Biosciences, San Jose, CA, United States) culture
flasks with the inducing medium containing DMEM/
F12 medium supplemented with 10% fetal bovine
serum, 20 ng/ml vascular endothelial growth factor
(VEGF), 5 ng/ml basic fibroblast growth factor, 5
ng/ml epidermal growth factor (EGF) and 10 ng/ml
insulin-like growth factor-1 (Peprotech, New Jersey,
NJ, United States) and antibiotics (100 U/ml penicillin
+
and 100 μg/ml streptomycin). β2m /Thy-1 BDHSCs
of rats with liver fibrosis were selected and purified by
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.

Cytokinetics of BM-EPCs

BM-EPCs induced for 10 d were seeded in a 96-well
plate and divided into 3 groups: (1) the blank control
group, containing only culture medium; (2) the
experimental group, containing BM-EPCs from rats
with liver fibrosis; and (3) the control group, containing
BM-EPCs of normal rats. The cells were cultured in
the incubator with 37 ℃, 5% CO2. 2-(2-methoxy-4nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-sulfophenyl)-2Htetrazole monosodium salt (WST-8) (Neuron Science
and Technology Development Co., Ltd., Beijing,
China) was added to the plate (10 µL/well, once/24
h) for 10 d. The values of optical density (OD) at
490 nm were detected by a microplate reader and
the cytokinetics of BM-EPCs were analyzed.

Labeling and tracing of BM-EPCs in the liver

BM-EPCs were labeled with PKH26 (Sigma-Aldrich),
according to the manufacturer’s instructions. PKH26-

239

January 14, 2018|Volume 24|Issue 2|

Lan L et al . EPCs and BDHSCs for liver fibrosis

A

B

200 μm

200 μm
3

10

D 103

D2
0.0%

D1
0.3%

2

1

10

0

1

10

10

D4
0.2%
0

10

1

10

2

10

3

10

FITC-CD133

D1
14.6%

D2
63.9%

D3
8.7%

D4
12.8%

10

0

D3
99.5%

3

10

2

10
PE-VEGFR2

PE-VEGFR2

E

D2
37.2%

2

10

10

D1
11.3%

PE-VEGFR2

C

1

10

0

D3
27.6%

10

D4
23.9%
0

1

10

2

10

10

FITC-CD133

3

10

0

10

1

10

2

10

3

10

FITC-CD133

Figure 1 Morphology and phenotypes of BM-EPCs of rats with liver fibrosis, as shown by flow cytometry. A: Adherent cells cultured with induction for 4 d; B:
Cell colonies cultured with induction for 10 d; C: Negative control without fluorescence-labeled BM-EPCs; D: Cells cultured without induction for 10 d; E: BM-EPCs
cultured with induction for 10 d. Bars: 200 μm.

labeled BM-EPCs were transfused into rats via the tail
vein after the rats were treated with CCl4 for 3 and
5 wk. After 6 wk of modeling, the liver tissues were
excised, and frozen sections were prepared. PKH26positive cells were examined by using a fluorescence
microscope. The liver sections of CCl4-treated rats
transfused with PBS served as a negative control.

wk of CCl4 induction. The blood samples were collected
from celiac artery for immediate biochemical detection.
The liver tissues were stored at -80 ℃ or fixed in 10%
formaldehyde for future analysis.

Masson’s trichrome collagen staining of the liver

The liver tissues fixed with formaldehyde were
embedded in paraffin, and then stained with Masson’s
trichrome collagen staining. The stages of liver fibrosis
were graded by the semiquantitative staging scores as
follows: 0, no collagen fibers; 1, slight fibrosis, collagen
fibers located in the central liver lobule; 2, moderate
fibrosis, widened central collagen fibers; 3, severe
fibrosis, collagen fibers extended to the edge of liver
[23]
lobule; 4, liver cirrhosis, pseudolobuli formation .

CCl4-induced liver fibrosis rat models and
transplantation experiments

Liver fibrosis rat models were induced with CCl4 as
described above. The same volume of olive oil was
used as a control. Forty rats were randomly divided
into five groups (8 rats/group) as follows: (1) the
negative group, rats treated with olive oil were
transfused with PBS after 3, 4 and 5 wk of modeling;
(2) the positive control group, rats treated with CCl4
were transfused with PBS after 3, 4 and 5 wk; (3) the
BDHSCs group, rats treated with CCl4 were transfused
with PBS containing BDHSCs after 3, 4 and 5 wk of
CCl4 induction; (4) the BM-EPCs group, rats treated
with CCl4 were transfused with PBS containing BMEPCs after 3, 4 and 5 wk; and (5) the BM-EPCs/
BDHSCs group, rats treated with CCl4 were transfused
with PBS containing BDHSCs after 4 wk of induction,
and BM-EPCs after 3 and 5 wk. The transfusion after
5
4 wk of induction was 2 × 10 cells via the branch of
portal vein, and transfusion after 3 or 5 wk was 2 ×
6
10 cells via the tail vein. Rats were sacrificed after 6
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Immunohistochemistry for VEGF and proliferating cell
nuclear antigen (PCNA) in the liver

The liver tissue paraffin-embedded sections were
blocked with 0.3% H2O2 in methanol for endogenous
peroxidase activity, incubated with mouse antirat VEGF or PCNA monoclonal antibody (Santa
Cruz Biotechnology, Dallas, TX, United States) and
peroxidase-conjugated rabbit anti-mouse IgG (Santa
Cruz Biotechnology). The sections were stained with
diaminobenzidine and counterstained with hema
toxylin. Quantification of PCNA expression was carried
out by measuring the integrated optical density (IOD)
of positive staining area using the ImagePro plus
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Figure 2 Phagocytosis and vasculogenesis functions of BM-EPCs of liver fibrosis rats. A: Bone marrow-derived endothelial progenitor cells uptake of Dilac-LDL (red); B: BM-EPCs binding with FITC-UEA-1 (green); C: Merge of A and B (yellow); D: Vascular network-like structures of BM-EPCs on Matrigel. Bars: 50
μm (A-C); 200 μm (D); BM-EPCs: Bone marrow-derived endothelial progenitor cells.

Kit (Takara, Kusatsu, Japan). Real-time quantitative
polymerase chain reaction (PCR) was performed
using SYBR green Ⅱ (Takara) on a Light Cycler
(Roche Diagnostics GmbH, Penzberg, Germany). The
forward and reverse primers were as follows: HGF
(NM_017017, 122 bp), 5′-TTTCCCGTTGTGAAGGAGAT-3′
and 5′-CCCTACTGTTGTTTGTGTTGGA-3′; GAPDH
(NM_017008, 92 bp), 5′-GACATGCCGCCTGGAGAAAC-3′
and 5′-AGCCCAGGATGCCCTTTAGT-3′. Real-time
PCR was performed at 95 ℃ for 10 min, followed by
40 cycles of 95 ℃ for 10 s, 60 ℃ for 60 s. To ensure
specific amplification, a melting curve was generated at
the end of the PCR for each sample. Hepatocyte growth
factor (HGF) mRNA quantities were determined by
comparative CT method by the Light Cycler software.

Table 1 Semiquantitative staging scores of liver fibrosis by
Masson staining
n

Group
Normal
Model
BDHSCs
BM-EPCs
BM-EPCs/BDHSCs

8
8
8
8
8

0
8
0
0
0
0

1
0
0
0
0
3

Stage, n
2
3
0
0
1
6
2
5
2
6
4
1

Score
4
0
1
1
0
0

0
3.00 ± 0.19a
2.88 ± 0.23a
2.75 ± 0.16a
1.75 ± 0.25a,c,e,g

Scores are presented as mean ± SD. aP < 0.05 vs normal group; cP < 0.05 vs
model group; eP < 0.05 vs BDHSCs group; gP < 0.05 vs BM-EPCs group.

image analysis software. Three random areas were
selected per slide from two slides per sample.

Enzyme-linked immunosorbent assay for VEGF in the
liver

Liver biochemical assays in the blood

The biochemical indices of liver function, including
alanine aminotransferase aspartate (ALT), aspartate
aminotransferase (AST) and total bilirubin (TBIL) in
serum, and prothrombin time (PT) and activated partial
thromboplastin time (APTT) in plasma, were detected
by using an automated analyzer (LX20; Beckman
Coulter, Brea, CA, United States).

The wet liver tissues (100 mg per sample) were
homogenized in 1 mL PBS in the presence of 1%
protease inhibitors (Sigma-Aldrich). The supernatant
fractions of liver homogenates were used to measure
the VEGF levels according to the manufacturer’s
instructions using Rat VEGF Quantikine Enzyme-linked
immunosorbent assay (ELISA) Kits (R&D Systems,
Minneapolis, MN, United States).

Statistical analysis

All data were presented as means ± SD and analyzed
using SPSS 17.0 statistical software. The differences
between the mean values of each group were com
pared by the one-way analysis of variance (ANOVA) or
Kruskal-Wallis test as appropriate, and considered to

Real-time quantitative reversely transcribed polymerase
chain reaction for hepatocyte growth factor in the liver

The extracted total RNA of liver tissues was reverse
transcribed into cDNA using ExScriptTM RT reagent
WJG|www.wjgnet.com

241

January 14, 2018|Volume 24|Issue 2|

Lan L et al . EPCs and BDHSCs for liver fibrosis
Table 2 Biochemical indexes of liver function in the blood
Group

n

ALT, IU/L

AST, IU/L

TBIL, μmol/L

PT, s

APTT, s

Normal
Model
BDHSCs
BM-EPCs
BM-EPCs/BDHSCs

8
8
8
8
8

62.5 ± 12.7
144.8 ± 61.5a
70.4 ± 19.5c
65.8 ± 26.5c
61.6 ± 13.3c

153.5 ± 13.6
269.6 ± 83.3a
260.4 ± 84.2a
159.3 ± 41.3c
135.0 ± 33.3ce

6.6 ± 0.3
17.3 ± 2.6a
13.5 ± 1.8ac
14.3 ± 2.3ag
6.5 ± 1.1ceg

16.6 ± 1.0
20.5 ± 1.1a
19.5 ± 1.3a
19.4 ± 1.4a
16.6 ± 1.0ceg

21.9 ± 1.5
26.2 ± 2.8a
20.1 ± 2.7c
19.9 ± 2.2c
19.8 ± 2.3c

Data are presented as mean ± SD. aP < 0.05 vs normal group; cP < 0.05 vs model group; eP < 0.05

1.0

0.8

0.6
OD490

BM-EPCs group.

growth phase of cells was 3-7 d. The cells grew slowly
and plateaued at day 18 (Figure 3). We implanted
BM-EPCs in rats with fibrotic liver. We did not detect
significant red fluorescence in the fibrotic liver tissue
without implantation. BM-EPCs labeled with PKH26
were implanted in the fibrotic liver, and BM-EPCs were
located primarily in/near hepatic sinusoids as indicated
by nuclear staining with DAPI (data not shown).

BM-EPCs derived from liver-fibrosis rats
BM-EPCs derived from normal rats

Location of BM-EPCs in the liver

0.4

BM-EPCs labeled with PKH26 implanted in the fibrotic
liver (red in Figure 4B). The DAPI nuclear staining
result showed that BM-EPCs were located primarily in/
near hepatic sinusoids (Figure 4C).

0.2
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11

BDHSCs group; gP < 0.05
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Collagen formation and improvement of liver fibrosis
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Figure 3 Growth curves of BM-EPCs. Between days 11 and 20 of culture
induction, the growth curve (OD490 values) of BM-EPCs of liver fibrosis rats
(red) was similar to that of BM-EPCs of normal rats (blue); BM-EPCs: Bone
marrow-derived endothelial progenitor cells.

Masson staining results showed there were significant
numbers of collagen fibers (green) formed in the liver
tissue of liver fibrosis rats in comparison to that in
normal liver tissue (Figure 5A and B), and the staging
score of liver fibrosis was 3.00 ± 0.19, which was
dramatically higher than that in normal rats (0, P <
0.05). Transplantations of BDHSCs or BM-EPCs alone
and combination of both suppressed the formation of
collagen fibers (Figure 5C-E). There was no significant
difference between the staging scores of liver fibrosis
in the BDHSCs (2.88 ± 0.23) or BM-EPCs (2.75 ± 0.16)
groups and that of the model group with only CCl4
treatment (P > 0.05). However, transplantation of BMEPCs/BDHSCs combination, significantly reduced the
degree of liver fibrosis (staging score of 1.75 ± 0.25, P
< 0.05) (Table 1).

be statistically significant when the adjusted P values
were < 0.05 (two-tailed).

RESULTS
Phenotype and purity of BM-EPCs

After 4 d of culture inductions, BM-EPCs were adherent
(Figure 1A). After 10 d, BM-EPCs formed colonies
(Figure 1B), and expression of CD133 and VEGFR2
were detected (Figure 1E). The co-expression level
was 63.9% ± 2.15%, which was significantly higher
than that of cells cultured without induction (37.2% ±
1.35%, P < 0.05) (Figure 1D).

Increase of VEGF levels in the liver

Phagocytosis and vasculogenesis functions of BMEPCs

Immunohistochemistry (Figure 6A-E) and ELISA
(Figure 6F) results showed that VEGF levels in the liver
tissues in the model group with CCl4 treatment alone
were higher than that in the normal group (440.95
pg/ml ± 65.11 pg/ml vs 349.70 pg/ml ± 56.50
pg/ml per 100 mg liver tissue, P < 0.05). There were
no significant differences between those in the model
group and the BDHSCs group (461.28 ± 23.78, P >
0.05). The VEGF levels were increased in the BM-EPCs
(707.10 ± 54.32) and BM-EPCs/BDHSCs group (615.42
± 42.96), compared with those in the model group and
BDHSCs group (P < 0.05). BM-EPCs transplantation
slightly increased VEGF level but not significantly, as
compared with that of combined transplantation of

After 10 d of culture induction, uptake of Dil-ac-LDL (red
in Figure 2A) and binding with FTIC-UEA-1 (green in
Figure 2B) to BM-EPCs were observed. The cells with
yellow double-fluorescence were differentiating EPCs
(Figure 2C). Furthermore, BM-EPCs formed a stable
vascular network-like structure on Matrigel (Figure 2D).

Cytokinetics of BM-EPCs and localization of BM-EPCs
in the liver

The growth curve of BM-EPCs from rats with liver
fibrosis was similar to that of BM-EPCs of normal rats
from day 11 to day 20 post induction. The logarithmic
WJG|www.wjgnet.com
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Figure 4 Location of BM-EPCs of liver fibrosis rats in the fibrotic liver. A: Autofluorescence of the fibrotic liver tissue; B: BM-EPCs labeled with PKH26 (red)
implanted in the fibrotic liver tissue (yellow arrow); C: BM-EPCs (red) located in/near hepatic sinusoids (yellow arrow) on the background of DAPI staining (blue). Bars:
200 μm; BM-EPCs: Bone marrow-derived endothelial progenitor cells.
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Figure 5 Collagen formation in the liver shown by masson staining (green). A: Normal group; B: Model group; C: Bone marrow-derived hepatocyte stem cells
group; D: Bone marrow-derived endothelial progenitor cells group (BM-EPCs); E: BM-EPCs/BDHSCs group. Bars: 50 μm.

BM-EPCs and BDHSCs (P > 0.05).

Compared with the model group, transplantation of
BDHSCs reduced the levels of ALT, TBIL and APTT (P <
0.05), but failed to improve the levels of AST and PT
(P > 0.05). Furthermore, levels of ALT, AST and APTT
in the group with BM-EPCs transplantation were lower
than that in the model group (P < 0.05), but there
was no significant difference in levels of TBIL and PT
between the two groups. The levels of ALT, AST, TBIT,
PT and APTT in the BM-EPCs/BDHSCs group were
significantly improved, to be equivalent to normal
levels (P > 0.05) compared with those in the BDHSC
(AST, TBIL and PT, P < 0.05) and BM-EPCs (TBIL and
PT, P < 0.05) groups (Table 2).

Enhancement of liver regeneration

We evaluated liver regeneration after transplantation
by detecting the expressions of PCNA protein and HGF
gene in the liver. We found that compared with those
in the normal group, the expressions of PCNA protein
(Figure 7A-F) and HGF mRNA (Figure 8) in the model
group was slightly but not significantly increased (P
> 0.05). Significant increases in the levels of PCNA
protein and HGF mRNA were observed in the BDHSCs,
BM-EPCs and BM-EPCs/BDHSCs compared with those
in the model group (P < 0.05), and combination of
BM-EPCs/BDHSCs transplantation induced maximal
up-regulation of PCNA protein and HGF mRNA levels.

DISCUSSION

Improvement of liver function

Hepatic neovascularization and endothelial/sinusoidal
remodeling are critical for the treatment of liver fibrosis,
[24,25]
in addition to liver regeneration
, and EPCs have
[10,13]
been shown to play this role in liver fibrosis
. The

As shown in Table 2, the levels of ALT, AST, TBIT,
PT and APTT were increased in the model group,
compared with those in the normal group (P < 0.05).
WJG|www.wjgnet.com
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Figure 6 Vascular endothelial growth factor levels in the liver. A-E: VEGF protein expressions shown by immunohistochemistry (brown). A: Normal group; B:
Model group; C: BDHSCs group; D: BM-EPCs group; E: BM-EPCs/BDHSCs group; F: VEGF concentration detected by ELISA. n = 8; VEGF: Vascular endothelial
growth factor; BM-EPCs: Bone marrow-derived endothelial progenitor cells; BDHSCs: Bone marrow-derived hepatocyte stem cells.
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Figure 7 Proliferating cell nuclear antigen protein expression shown by immunohistochemistry (brown). A: Normal group; B: Model group; C: BDHSCs group;
D: BM-EPCs group; E: BM-EPCs/BDHSCs group; F Quantitative analysis of PCNA expression by IOD. (n = 8); BM-EPCs: Bone marrow-derived endothelial progenitor
cells; BDHSCs: Bone marrow-derived hepatocyte stem cells.

majority of EPCs exist in bone marrow and peripheral
blood. EPCs are rare in blood, since their proportion
is only 0.005%-0.01% of that of white blood
[26]
cells in blood . Bone marrow contains numerous
hematopoietic stem cells and mesenchymal stem
[27]
cells, which can differentiate into EPCs . Therefore,
bone marrow may be the major source of EPCs in

WJG|www.wjgnet.com

potential clinical treatment of liver fibrosis. BM-EPCs
used in recent therapeutic studies were derived from
[11-15]
healthy individuals
. Thus, the clinical application
of EPCs transplantation is limited, due to rare EPCs
in peripheral blood and shortage of normal allogeneic
bone marrow.
Whether sufficient normal EPCs can be obtained from
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P < 0.05

by autocrine and paracrine signaling, such as VEGF,
[11,14]
EGF and platelet-derived growth factor
. Among
them, VEGF plays an essential role in both the
neovascularization and the enhancement of sinusoidal
[27]
density in the liver . Studies have shown that the
release of VEGF is essential for permeabilization
of liver sinusoidal endothelial cells and integration
[30,31]
of transplanted cells in the liver parenchyma
.
Conversely, this study has shown that the effect of BMEPCs transplantation on promoting VEGF secretion was
slightly stronger than that of combined transplantation
of BM-EPCs and BDHSCs. This result suggested that
the release of VEGF in the liver might be controlled
mainly by EPCs, but not BDHSCs.
Furthermore, an enhancement of liver regeneration
manifested by increased HGF levels was observed in
the rats with combined transplantation of BM-EPCs
[32]
and BDHSCs , and this effect was greater than that
of transplantation of BDHSCs or BM-EPCs alone. We
deduced that BDHSCs might promote self-proliferation
and mobilize endogenous liver regeneration through
[33,34]
secretion of growth factors such as HGF
, and EPCs
can restore the permeabilization of the endothelial
barrier interposed between liver sinusoids and
parenchyma by releasing vasoactive substances and
[30,31]
vasodilator-related molecules
.
The integral effect of BM-EPCs transplantation on
suppression of hepatic fibrogenesis and improvement
of liver function was similar to that of BDHSCs
transplantation. However, the combined effect of
transplantation of BM-EPCs and BDHSCs exceeded
individual transplantations significantly.
In summary, our study demonstrated that it was
feasible to obtain normal EPCs from bone marrow in
liver fibrosis rats and that combined transplantation of
BM-EPCs and BDHSCs are effective for treating liver
fibrosis. These findings highlight the clinical value of
EPCs autotransplantation and the potential application
of a novel strategy of therapy for liver fibrosis that
involves combined transplantation of BM-EPCs and
BDHSCs. Further studies are need to be carried out
to explore the reciprocal mechanism of BM-EPCs and
BDHSCs in liver fibrosis. In addition, whether BMEPCs might promote tumor angiogenesis and cause
[2]
potential tumor growth in the process of treating
liver fibrosis should also be evaluated in further study.

Normal
Model
BDHSCs
BM-EPCs
BM-EPCs/BDHSCs

0.01

0.00

Groups

Figure 8 Hepatocyte growth factor mRNA expression detected by realtime quantitative polymerase chain reaction. n = 8; BM-EPCs: Bone
marrow-derived endothelial progenitor cells; BDHSCs: Bone marrow-derived
hepatocyte stem cells; HGF: Hepatocyte growth factor.

bone marrow cells in liver fibrosis pathoenvironment is
a critical issue for the clinical application of autogenous
EPCs therapy. A recent study showed that the functional
+
+
homeostasis of bone marrow-derived c-Kit , Sca-1 and
−
Lin (BM-KSL) cells, as a stem cell fraction of BM-EPCs,
was disrupted in liver fibrosis, indicating a weakened
regenerative capability and decreased differentiation
[28]
potential in liver fibrosis mice . It is predicted that
disturbed EPC differentiation might give rise to in
adequate production for angiogenesis and tissue
[28]
regeneration .
Whether normal EPCs can be obtained by in vitro
culture from bone marrow in liver fibrosis rats remains
uncertain. In the present study, abundant EPCs that
possess specific phenotypes (VEGFR2 and CD133)
and functions (phagocytosis and vasculogenesis)
as well as normal proliferation and differentiation
abilities were successfully obtained from bone marrow
in liver fibrosis rats by collection and culture induction
of plastic-nonadherent cells in vitro. EPCs do not
easily attach on the bottom of surface of a culture
plate, and thus different-rate adherent culture is a
[27,28]
way to obtain EPC-differentiated cells
. BM-KSL
cells are only a small portion of plastic-nonadherent
[29]
cells . Therefore, only some of the BMSCs in the
liver fibrosis pathoenvironment might be hypophrenic.
These hypophrenic cells in BMSCs could be eliminated
automatically in the process of different-speed
adherent and culture induction in vitro.
In the present study, transplanted BM-EPCs were
located primarily in/near hepatic sinusoids, suggesting
in the in vivo pathoenvironment of liver fibrosis,
exogenous BM-EPCs derived from liver fibrosis rats
had the ability to reside at sites of vessels in the liver.
In order to achieve the dual effects of hepatic
neovascularization and liver regeneration, we next
compared the effects of transplantations of BM-EPCs,
BDHSCs and the combination of both on liver fibrosis.
The increased levels of VEGF were observed in both
BM-EPCs and BM-EPCs/BDHSCs groups, but not in the
BDHSCs group. It has been reported that EPCs release
vasoactive substances that promote angiogenesis
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Research background

Hepatic neovascularization and endothelial/sinusoidal remodeling are critical for
the treatment of liver fibrosis, in addition to liver regeneration. Transplantation of
bone marrow-derived endothelial progenitor cells (BM-EPCs) has potential roles
in hepatic neovascularization, endothelial/sinusoidal remodeling and increased
hepatic blood flow for the treatment of liver fibrosis. However, BM-EPCs
were all derived from healthy rats in these studies. We sought to evaluate the
feasibility of clinical application of autogenous EPCs therapy by using normal
BM-EPCs obtained from liver fibrosis rats, and evaluated the effectiveness of
combined transplantation of BM-EPCs and BDHSCs in vivo for the treatment of
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liver fibrosis.

and examination of the liver tissue sections. The
authors also appreciate Dr. Adam Clemens (Division
of Biology and Biomedical Sciences, Washington
University, St. Louis, MO, United States) for his critical
reading of the manuscript.

Research motivation

The author observed the feasibility of obtaining normal BM-EPCs from the liver
fibrosis environment in rats. We evaluated the effectiveness for treating liver
fibrosis by combined transplantation of BM-EPCs and bone marrow-derived
hepatocyte stem cells (BDHSCs) in order to achieve the dual effects of hepatic
neovascularization and liver regeneration. These findings highlight the clinical
value of EPCs autotransplantation, and potential application of a novel strategy
of therapy for liver fibrosis that involves combined transplantation of BM-EPCs
and BDHSCs.
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Abstract
AIM
To investigate possible effects of IRF5 polymorphisms
in the 3’ UTR region of the IFR5 locus on susceptibility
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to hepatitis B virus (HBV) infection and progression of
liver diseases among clinically classified Vietnamese
patients.

INTRODUCTION
Hepatitis B virus (HBV) infection is a major health
concern affecting approximately two billion individuals
worldwide. 350 million people are chronically infected,
putting them at risk to develop liver cirrhosis (LC)
[1]
and hepatocellular carcinoma (HCC) . The clinical
outcome of HBV infection is heterogeneous and a
consequence of the complex interaction between viral
and host factors. The host´s genetic background is
crucial for the outcome of the disease. Evidence for
[2]
a host genetic effects are based on a twin study
[3-5]
and genome wide association studies (GWASs)
.
GWASs examine possible associations of large number
of genetic variants across the entire human genome,
taking into account distinct disease phenotypes of
[6]
HBV infection . Many important candidate genes
have been shown to be significantly associated with
susceptibility to HBV infection and the progression of
[6-8]
HBV-related liver diseases .
HBV is a noncytopathic virus as observed in a
number of asymptomatic HBV carriers who have minimal
hepatocellular injury and liver necroinflammation
[9]
despite high levels of HBV replication . Thus, hepa
tocellular injury is strongly dependent on the host
[10]
immune responses . Induction of type I interferons
(IFNs) by viruses is crucial for innate immunity, which
is primarily controlled by several transcriptional factors,
[11]
in particular by interferon regulatory factors (IRFs) .
The IRF family comprises of nine members (IRF1 to
IRF9), which are characterized by two major domains,
a highly conserved amino (N)-terminal DNA binding
domain and a C-terminal IFR association domain
[12]
(IAD) . These regions are important in mediating the
[13]
interaction with transcription co-activators . IRF5, a
member of the IRF family, is expressed in B cells and
innate immune cells and mediates Toll-like receptor
signal transduction, leading to production of several
inflammatory cytokines such as interleukin 12 and
[14-16]
IFN-α
. Therefore, IRF5 plays a vital role in the
[17,18]
induction of antiviral and inflammatory response
.
So far, multiple IRF5 single nucleotide polymorphisms
(SNPs) have been shown to be associated with
autoimmune diseases, including systemic lupus ery
[19,20]
thematosus and rheumatoid arthritis
. However,
there are so far no data available on associations of
IRF5 variants with susceptibility to HBV infection and
the clinical course of HBV-related liver diseases. This
study aims to investigate possible effects of IRF5
polymorphisms on susceptibility to HBV infection and
progression of liver diseases among HBV patients in a
Vietnamese population.

METHODS
Four IFR5 SNPs (rs13242262A/T, rs77416878C/T,
rs10488630A/G, and rs2280714T/C) were genotyped
in clinically classified HBV patients [chronic hepatitis
B (CHB). n = 99; liver cirrhosis (LC), n = 131;
hepatocellular carcinoma (HCC), n = 149] and in 242
healthy controls by direct sequencing and TaqMan realtime PCR assays.
RESULTS
Comparing patients and controls, no significant asso
ciation was observed for the four IFR5 variants.
However, the alleles rs13242262T and rs10488630G
contributed to an increased risk of liver cirrhosis (LC
vs CHB: OR = 1.5, 95%CI: 1.1-2.3, adjusted P =
0.04; LC vs CHB: OR = 1.7, 95%CI: 1.1-2.6, adjusted
P = 0.019). Haplotype IRF5*TCGT constructed from
4 SNPs was observed frequently in LC compared to
CHB patients (OR = 2.1, 95%CI: 1.2-3.3, adjusted P =
0.008). Haplotype IRF5*TCAT occurred rather among
CHB patients than in the other HBV patient groups (LC
vs CHB: OR = 0.4, 95%CI: 0.2-0.8, adjusted P = 0.03;
HCC vs CHB: OR = 0.3, 95%CI: 0.15-0.7, adjusted P =
0.003). The IRF5*TCAT haplotype was also associated
with increased levels of ALT, AST and bilirubin.
CONCLUSION
Our study shows that IFR5 variants may contribute as a
host factor in determining the pathogenesis in chronic
HBV infections.
Key words: hepatitis B virus infection; Liver diseases;
IRF5; IFR5 polymorphisms; IFR5 haplotypes
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: IFR5 is expressed in immune cells and
mediates Toll-like receptor signal transduction, playing
a vital role in the induction of antiviral and inflammatory
response. So far, multiple IFR5 single nucleotide
polymorphisms have been shown to be associated
with autoimmune diseases. This study investigated
the effects of four IFR5 variants on susceptibility to
hepatitis B virus (HBV) infection and liver disease
outcomes in HBV infected patients. Two IFR5 variants
(rs13242262, rs10488630) and constructed haplotypes
(TCGT , TCAT ) were associated with clinical outcomes
suggesting that IFR5 variants may contribute to
determine the pathogenesis of HBV infection.

MATERIALS AND METHODS

Sy BT, Hoan NX, Tong HV, Meyer CG, Toan NL, Song LH,
Bock CT, Velavan TP. Genetic variants of interferon regulatory
factor 5 associated with chronic hepatitis B infection. World J
Gastroenterol 2018; 24(2): 248-256 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i2/248.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i2.248
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Study subjects

379 unrelated Vietnamese HBV-infected patients were
randomly recruited in a case-control design at the 108
Military Central Hospital and the 103 Military Hospital of
the Vietnam Military Medical University, Hanoi, Vietnam.
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Patients were assigned to subgroups of disease
based on clinical manifestations and liver function
tests. Subgroups included chronic hepatitis (CHB, n
= 99), liver cirrhosis (LC, n = 131) and hepatocellular
carcinoma (HCC, n = 149). The diagnostic criteria
[21]
have previously been described . Based on clinical
manifestations and laboratory parameters, patients
were assigned to the different clinical subgroups as
previously described. Briefly, the CHB patients were
characterized based upon clinical syndromes such
as fatigue, anorexia, jaundice, hepatomegaly, hard
density of the liver, splenomegaly, hyperbilirubinemia,
elevated levels of AST and ALT, HBsAg positive for
longer than 6 mo. The HBV-related LC patients were
characterized as patients infected with HBV (HBsAg
positive) showing the clinical manifestations such as
anorexia, nausea, vomiting, malaise, weight loss,
abdominal distress, jaundice, edema, cutaneous arterial
‘‘Spider’’ angiomas, palma erythema, ascites, shrunken
liver, splenomegaly, hyperbilirubinemia, elevated
levels of AST and ALT, prolonged serum prothrombin
time, and decreased serum albumin. The HBV-related
hepatocellular carcinoma patients were characterized as
patients infected with chronically HBV (HBsAg positive),
abdominal pain, an abdominal mass in the right upper
quadrant, blood-tinged ascites, weight loss, anorexia,
fatigue, jaundice, prolonged serum prothrombin
time, hyperbilirubinemia, elevated levels of AST, ALT
and serum a-fetoprotein (AFP), ultrasound showed
tumor, liver biopsy and histopathology showing tumor
cells. None of the patients were under any antivirals
during sampling. None of the patients had a history of
alcohol or drug abuse. All participants were confirmed
to be negative for anti-HCV and anti-HIV antibodies
by ELISA assays. Liver function tests including the
assessment of alanine transaminase (ALT), aspartate
transaminase (AST), total bilirubin and direct bilirubin,
albumin and prothrombin levels were performed using
an autoanalyser (AU640 Chemistry Analyzer, Beckman
Coulter, CA, United States). 242 blood samples from
healthy individuals (HC) were collected from blood
banks as the control group. All 242 control individuals
were negative for HBsAg, anti-HCV and anti-HIV
antibodies. All specimens were frozen at -20 ℃ until
use.

The fragments containing the SNPs rs13242262A/T
and rs77416878C/T were amplified by PCR using the
primer pairs IRF5-F1: 5’-AGG CCT GTG CAG TTC TAC
TCC C-3’ and IRF5-R1: 5’-CCT CAC ACT GGC CTG CCT
TTA C-3’. PCR amplifications were carried out in 25
μl reaction volumes containing: 1 x PCR buffer, 0.2
mmol/L dNTPs, 1 mmol/L MgCl2, 0.15 mmol/L of each
primer, 1 unit of Taq polymerase and 50 ng of genomic
DNA. Cycling conditions: denaturation at 95 ℃ for 5
min, followed by 35 cycles of three-step cycling with
denaturation at 94 ℃ for 40 s, annealing at 61 ℃
for 40 s, and extension at 72 ℃ for 45 s and a final
extension at 72 ℃ for 7 min.
PCR products were purified using the Exo-SAP-IT
PCR Product Cleanup Reagent (Affymetrix Santa Clara,
mmol/L) 5 μl of purified PCR products were used
as templates. Sequencing was performed using the
BigDye terminator v.1.1 cycle sequencing kit (Applied
Biosystems, Foster City, CA, United States) on an ABI
3130XL DNA sequencer according to the manufacturer’
s instructions. The polymorphisms were identified by
assembling DNA sequences with the reference sequence
of the IFR5 gene obtained from the NCBI database
(GenBank accession number: NC-00007). In addition,
the two SNPs rs10488630A/G, and rs2280714G/A were
®
genotyped using TaqMan SNP genotyping assays
according to the instruction of the manufacturer.

Statistical analysis

The data were analyzed using R version 3.1.2 (http://
www.r-project.org). Permutation tests were used to
compare groups for quantitative variables permuted for
1000 iterations. Genotype and haplotype frequencies
were analyzed by gene counting and expectationmaximum (EM) algorithms and the significance of
deviation from Hardy-Weinberg equilibrium was
tested using the random-permutation procedure
as implemented in the Arlequin v. 3.5.1.2 software
(http://lgb.unige.ch/arlequin). We used a binary logistic
regression model adjusted for age and gender to analyze
associations of IRF5 variants and haplotypes with HBVrelated liver diseases. The false discovery rate correction
[23]
method was used for multiple comparisons
and
adjusted P values are given. The level of significance
was set at a value of P < 0.05 and all reported P values
are two-sided.

IRF5 SNP selection

The four IRF5 SNPs rs13242262A/T, rs77416878C/T,
rs10488630A/G, and rs2280714G/A located closely
at the 3′ downstream regions of the IRF5 locus were
selected for this study. Two SNPs (rs13242262, and
rs2280714) have been shown to be associated with
IRF5 mRNA expression and activation of the interferon
[22]
α pathway in different world populations .

RESULTS
Baseline characteristics of study participants

The baseline characteristics of the 379 HBV-infected
patients from the different subgroups with wellcharacterized clinical profiles and from the 242 healthy
controls are described in Table 1. Most patients and
controls were male (81% and 64%). The median
age of patients increased according to progression
of liver disease; healthy controls were younger than
the patients. The levels of ALT, AST and bilirubin were

IRF5 variant genotyping

Genomic DNA was isolated from 200 μL of whole blood
using a DNA purification kit (Qiagen, Hilden, Germany).
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Table 1 Clinical profiles of 242 healthy individuals and 379 hepatitis B virus-infected patients
HC (n = 242)

Characteristics
Age (yr)
Gender (Male/Female)
AST (IU/L)
ALT (IU/L)
Total bilirubin (µmol/L)
Direct bilirubin (µmol/L)
Albumin (g/L)
Prothrombin (% of standard)
HBV-DNA (copies/mL)
Alfa Feto Protein (IU/L)

CHB (n = 99)

39 (18-79)
156/86
NR
NR
NR
NR
NR
NR
NA
NR

LC (n = 131)

HCC (n = 149)

41 (19-78)
52 (17-78)
53 (18-79)
82/17
105/26
119/30
219 (17-3732)
74 (12-720)
59 (16-513)
158 (12-4593)
59 (9-1354)
47 (13-471)
46.6 (1.8-795)
31 (1.2-722)
17 (2-290)
29.9 (1-512)
17 (1-450)
7.1 (1.2-189)
42 (23-48)
30 (20-47)
39 (27-49)
85 (50-120)
47.5 (15-101)
80 (31-115)
1.8 × 105 (4 × 102-8.1 × 106) 8.3 × 104 (2 × 102-4.1 × 106) 9.4 × 104 (2.9 × 102-1.0 × 105)
4.3 (1.5-300)
8.6 (1.2-400)
196 (1.1- 438)

P values
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
NS
< 0.0001

CHB: Chronic hepatitis B; LC: Liver cirrhosis; HCC: Hepatocellular carcinoma; PLT: Platelets; AST and ALT: Aspartate and alanine amino transferase; IU:
International unit; NS: Not significant; NA: Not applicable; NR: Normal range.
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Figure 1 IRF5 linkage disequilibrium maps. Pairwise r2 between 4 polymorphisms in the IRF5 locus in the 3’ UTR region in Vietnamese hepatitis B virus infected
patients (A) and in healthy controls (B) are presented. The color scale from white to dark indicates r2 values from 0 to 1. The blocks of grey and dark grey represent
SNPs that are all in high linkage disequilibrium with each other.

significantly higher in patients with CHB compared to
the other subgroups (P < 0.0001). As expected, the
albumin and prothrombin levels as well as platelet
counts were significantly lower in patients with LC
compared to patients without LC (P < 0.001). Alphafetoprotein (AFP) levels were higher in HCC patients
with or without LC compared to CHB and LC groups
(P < 0.0001). Viral loads did not differ significantly
between HBV virus subgroups (P > 0.05).

SNPs did not differ between HBV patients or subgroups
and controls, indicating that IRF5 SNPs are not
associated with HBV infection per se. Among chronic
HBV carriers, rs13242262TT and rs10488630GG
genotype were significantly more frequent among LC
patients compared to CHB patients (rs13242262TT:
OR = 3.1, 95%CI: 1.2-7.8, adjusted P = 0.014;
rs10488630GG, OR = 3.0, 95%CI: 1.0-9.5, adjusted
P = 0.045, Table 2). A similar trend was observed for
rs13242262T (OR = 1.5, 95%CI: 1.1-2.3, adjusted P
= 0.04) and rs10488630G (OR = 1.7, 95%CI: 1.1-2.6,
adjusted P = 0.019; Table 2). For SNPs rs77416878C/
T, and rs2280714T/C all comparisons between patient
subgroups using binary logistic model adjusted for
age and gender did not indicate any significant
difference (Table 3). These results show that, of the
four SNPs genotyped, the two variants rs13242262
and rs10488630 are associated with liver disease pro
gression.

Association IRF5 variants with HBV-related liver
diseases

The genotype frequencies of the four IRF5 variants
rs13242262A/T, rs10488630A/G, rs77416878C/T,
rs2280714T/C in HBV patients and in HCs were in HardyWeinberg equilibrium (P > 0.05). Linkage disequilibrium
analysis revealed strong allelic combinations between
rs13242262 and rs2280714; rs13242262 and
rs10488630; rs10488630 and rs2280714 for both HBV
infected patients and HCs (Figure 1). Genotype and
allele frequencies of the IRF5 SNPs in patients and HCs
as well as the comparisons between different subgroups
are given in Tables 2 and 3.
Genotype and allele frequencies of the four IRF5
WJG|www.wjgnet.com

Association of IRF5 haplotypes with HBV-infected liver
diseases

Haplotypes were constructed based on the four SNPs.
Among nine IRF5 haplotypes detected, the five common
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Figure 2 Association of IRF5 haplotypes with clinical parameters in hepatitis B virus patients. Box-plots illustrate median values with 25 and 75 percentiles
with whiskers to 10 and 90 percentiles; the distribution of IRF5 haplotypes to liver enzymes, bilirubin and hepatitis B virus viral load was executed using pairwise
permutation tests. Adjusted P values are presented under the false discovery rate correction method applied for multiple comparisons. NS: Not significant; AST and
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Association of IRF5 polymorphisms and haplotypes
with clinical parameters

haplotypes rs13242262/rs77416878/rs10488630/
rs2280714 ACAC, TCGT, TCAT, ACAT, and TTAT
were observed in both HCs and HBV patients. Their
frequencies are summarized in Table 4. We compared
the haplotype frequencies between HCs and all HBV
patients as well as the disease subgroups (HC vs all
HBV; HC vs LC; HC vs CHB; HC vs HCC). The results did
not indicate any significant difference (data not shown).
We further compared haplotype frequencies between
the HBV subgroups. Haplotype TCGT was found more
frequently among LC compared to CHB patients (LC
vs CHB: OR = 2.1, 95%CI: 1.2-3.3, adjusted P =
0.008), indicating that this haplotype may contribute
significantly to an increased risk of LC in HBV carriers.
However, a contradictory finding was observed for the
haplotype TCAT, which was observed significantly more
frequent in CHB compared to LC and HCC patients (LC
vs CHB: OR = 0.4, 95%CI: 0.2-0.8, adjusted P = 0.037
and HCC vs CHB: OR = 0.3, 95%CI: 0.15-0.7, adjusted
P = 0.003). This haplotype appears to partly protect
from the risk of the advanced clinical manifestations
LC and HCC in chronic HBV carriers. There were no
differences in comparisons of the TCGT and TCAT
haplotype frequencies between LC and HCC patients.
Also, no significant difference was observed when
frequencies of other haplotypes were compared (table
4).

WJG|www.wjgnet.com

To explore the possible impact of the four SNPs on
disease outcomes, the SNP frequencies were correlated
with several liver function tests, a cancer marker, and
viral loads. No significant associations of IRF5 genotypes
with the parameters ALT, AST, total and direct bilirubin,
prothrombin, AFP and HBV-DNA loads were observed
(adjusted P > 0.05).
We further examined the association of five common
IRF5 haplotypes with clinical outcomes of HBV infection.
Patients with haplotype TCAT had higher levels of AST,
ALT, total bilirubin and direct bilirubin compared to the
other haplotypes (Figure 2). No significant differences
of viral loads, prothrombin and AFP levels among five
common haplotypes were observed.

DISCUSSION
IRF5 is a particularly interesting member of the
IRF family, which are crucial in the innate immune
response with a variety of activities like activation
of type I IFN genes, inflammatory cytokines and
[24,25]
tumor suppressors
. Therefore, IRF5 is involved
in many conditions, including autoimmune diseases,
[11,19,20]
viral infections and cancers
. In this study,
we studied the role of IRF5 polymorphisms in HBV
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Table 2 Association of IRF5 rs13242262A/T and rs10488630A/G with hepatitis B virus-related liver cirrhosis n (%)
IRF5 variants
rs13242262 A/T
AA
AT
TT
Allele
A
T
Dominant
AA
AT + TT
Recessive
AA + AT
TT
rs10488630 A/G
AA
AG
GG
Allele
A
G
Dominant
AA
AG + GG
Recessive
AA + AG
GG

HC, n = 242

67 (27.7)
119 (49.2)
56 (23.1)

CHB, n = 99

LC, n = 131

HCC, n = 149

32 (24.4)
65 (49.6)
34 (26.0)

45 (30.2)
77 (51.7)
27 (18.1)

Reference
1.0 (0.5-2.0)
3.1 (1.2-7.8)

NS
0.014

129 (49.2)
133 (50.8)

165 (55.3)
133 (44.7)

Reference
1.5 (1.1-2.3)

0.040

27 (27.3)
59 (59.6)
13 (13.1)

253 (52.3)
231 (47.7)

113 (57)
85 (43)

LC vs CHB
OR (95%CI)
P value

67 (27.7)
175 (72.3)

27 (27.3)
72 (72.7)

32(24.4)
99 (75.6)

45 (30.2)
104 (69.8)

Reference
1.3 (0.7-2.6)

NS

186 (76.9)
56 (23.1)

86 (87)
13 (13)

97 (74.0)
34 (26.0)

122 (81.9)
27 (18.1)

Reference
2.8 (1.3-5.9)

0.0057

115 (47.5)
104 (43.0)
23 (9.5)

58 (58.6)
36 (36.4)
5 (5.0)

59 (45.1)
56 (42.7)
16 (12.2)

73 (49.0)
63 (42.3)
13 (8.7)

Reference
1.6 (0.9-2.9)
3.0 (1.0-9.5)

0.100
0.045

334 (69)
150 (31)

152 (76.8)
46 (23.2)

174 (66.4)
88 (33.6)

209 (72.3)
89 (27.7)

Reference
1.7 (1.1-2.6)

0.019

115 (47.5)
127 (52.5)

58 (58.6)
41 (41.4)

59 (45.0)
72 (55.0)

73 (49)
76 (51)

Reference
1.8 (1.0-3.2)

0.035

219 (90.5)
23 (9.5)

94 (94.9)
5 (5.1)

115 (87.8)
16 (12.2)

136 (91.3)
13 (7.8)

Reference
2.4 (0.8-7.2)

0.100

HC: Healthy controls; CHB: Chronic hepatitis B; LC: Liver cirrhosis; HCC: Hepatocellular carcinoma.

infected patients. IRF5 variants are associated with LC
progression in patients with CHB while the constructed
haplotypes are associated with LC and HCC progression
in CHB patients. In addition, IRF5 variants and their
constructed haplotypes are associated with clinical
outcomes of HBV infection. For the first time we provide
evidence of the functional role of IRF5 in immune
response to the clinical outcome of HBV infection.
Host immune factors are crucial to the pathogenesis
of HBV infection through genetic and epigenetic
[26]
modifications and via the effects of cytokines .
Interferons are produced by the host in response to
certain viral infections in order to inhibit viral replication.
Induction of IFN is required for the defense against
hepatitis viruses and further progression of related
[27]
liver disease . IRF5 is a transcriptional factor that
can induce type I interferons and, therefore, appears
to play an important role in the clinical course of HBV
infection. To the best of our knowledge, this study is the
first exploratory investigation of IRF5 polymorphisms
addressing the clinical outcome of HBV-related liver
diseases. Among four SNPs studied here, rs13242262A/
T and rs10488630A/G appeared were with liver
cirrhosis. In addition, the IRF5 haplotypes TCGT and
TCAT are associated with liver cirrhosis in patients
with chronic hepatitis B. SNP rs10488631 located in
the same region was identified to be associated with
primary biliary cirrhosis in populations of European
[28]
descent . However, this SNP was homogeneous
in Asian populations and therefore excluded from
analyses in this study. In addition, SNPs rs3807306

Table 3 Allele and genotype frequencies of IRF5
rs77416878C/T and rs2280714T/C in Vietnamese patients
with hepatitis B virus-related liver diseases n (%)
IRF5 variants
rs77416878
CC
CT
TT
Allele
C
T
Dominant
CC
CT + TT
Recessive
CC + CT
TT
rs2280714
TT
TC
CC
Allele
T
C
Dominant
TC + TT
Recessive
TT + TC
CC

HC,

CHB,

LC,

n = 131

HCC,

n = 242

n = 99

192 (79.4)
48 (19.8)
2 (0.8)

79 (79.8)
19 (19.2)
1 (1)

432 (89.3)
52 (10.7)

177 (89.4)
21 (10.6)

192 (79.4)
50 (20.6)

79 (79.8)
20 (20.2)

240 (99.2)
2 (0.8)

98 (99)
1 (1)

84 (34.7)
114 (47.1)
44 (18.2)

31 (31.3)
52 (52.5)
16 (16.2)

47 (35.9)
69 (52.7)
15 (11.4)

39 (26.2)
87 (58.4)
23 (15.4)

282 (58.3)
202 (41.7)

114 (57.6)
84 (42.4)

163 (62.2)
99 (37.8)

165 (55.4)
133 (44.6)

84 (34.7)
158 (65.3)

31 (31.3)
78 (68.7)

47 (35.9)
84 (64.1)

39 (26.2)
110 (73.8)

198 (81.8)
44 (18.2)

83 (83.8)
16 (16.2)

116 (88.6)
15 (11.4)

126 (84.6)
23 (15.4)

98 (74.8)
32 (24.4)
1 (0.8)
228 (87)
34 (13)
98 (74.8)
33 (24.4)
130 (99.2)
1 (0.8)

n = 149
115 (77.2)
31 (20.8)
3 (2)
261 (87.6)
37 (12.4)
115 (77.2)
34 (22.8)
146 (98)
3 (2)

HC: Healthy controls; CHB: Chronic hepatitis B; LC: Liver cirrhosis; HCC:
Hepatocellular carcinoma. All comparisons between groups using binary
logistic model adjusted for age and gen did not indicate a significant
difference (adjusted P > 0.05, data not shown in this table).
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Table 4 Haplotype distribution among chronic hepatitis B virus carriers and the association of IRF5 haplotypes with hepatitis B
virus-infected liver diseases n (%)
Haplotypes
ACAC
TCGT
TCAT
ACAT
TTAT
ACGC
ACGT
TCGC
TTGT

HC,

CHB,

LC,

HCC,

n = 484

n = 198

n = 298

n = 262

196 (40.6)
141 (29.0)
33 (6.8)
54 (11.2)
49 (10.2)
2 (0.4)
5 (1)
2 (0.4)
2 (0.4)

83 (41.9)
37 (18.7)
27 (13.6)
24 (12)
18 (9.1)
1 (0.5)
5 (2.5)
0 (0)
3 (1.5)

98 (37.4)
86 (32.7)
12 (4.6)
30 (11.5)
34 (13)
0 (0)
1 (0.4)
1 (0.4)
0 (0)

132 (44.3)
81 (27.2)
13 (4.4)
31 (10.4)
33 (11.1)
1 (0.3)
3 (1)
0 (0)
4 (1.3)

LC vs CHB
OR (95% CI) P value
Reference
2.1 (1.2-3.3)
0.008
0.4 (0.2-0.8)
0.037
NS
NS
NS
NS
NS
NS

HCC vs CHB
OR (95% CI)
P value
Reference
NS
0.3 (0.15-0.7)
0.003
NS
NS
NS
NS
NS
NS

HCC vs LC
OR (95%CI)
P value
Reference
0.7 (0.4-1.1)
0.08
NS
NS
NS
NS
NS
NS
NS

HCC: Hepatocellular carcinoma. Comparison between HC vs HBV patient group did not indicate any significant difference (data not shown in this table).
OR and P values were calculated by using binary logistic model adjusted for age and gender, CHB: Chronic hepatitis B; LC: Liver cirrhosis.

and rs4728142 in the IRF5 gene have been implicated
[29]
as susceptibility loci for primary biliary cirrhosis .
The process of liver cirrhosis in HBV infection is a
results of the interplay between viral factors and host
immune responses through activation of inflammatory
[30]
cytokines . A recent study has shown that among
several IRF5 SNPs, the variants rs13242262, rs2280714
and rs10488630 in the 3’UTR region are associated
[22]
with increased IRF5 mRNA expression . Studies have
indicated that a variety of cytokines are dependent on
[24,31]
IRF5
. Several IRF5-modulated genes (e.g., ISGs
and STATs) involved in the type I IFN signaling pathway
are significantly over-expressed in response to viral
[18]
infection . This supports the findings of our study,
namely that these SNPs may contribute to progression
of HBV-related liver diseases through regulating IRF5
expression and subsequent activation of genes in the
type I IFN signaling pathway like ISG15 as seen in our
[7]
study . Furthermore, although all four studied SNPs
were not associated with HCC, the haplotype TCAT
contributes to a decreased risk of HCC development
in patients with chronic hepatitis B. Data concerning
the association between IRF5 and HCC are scarce.
Nevertheless, methylation of IRF5 has been suggested
[32]
to be associated with HCC in a Korean study . The role
of IRF5 in the development of HBV-related HCC needs
to be explored further.
Although SNPs rs77416878C/T and rs2280714T/
C are not associated with HBV-related liver disease
and no significant association of all four SNPs studied
with clinical parameters, constructed haplotypes
are associated with clinical outcomes. Notably, the
haplotype TCAT was observed significantly more
frequent in CHB compared to LC and HCC patients,
suggesting that this haplotype appears to partly protect
from the risk of the advanced clinical manifestations
LC and HCC in chronic HBV carriers. However, patients
with the haplotype TCAT had higher levels of AST, ALT,
total bilirubin and direct bilirubin compared to the other
haplotypes. In fact, the clinical outcome or clinical
progression of liver diseases in HBV infected patients
are affected by several factors and are considered as
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a result of viral-host interaction. Therefore, we believe
that haplotype TCAT is an important host factor in HBV
infection but this haplotype only may not be a host
factor in determining the overall clinical outcome of
disease.
Until now, most studies have identified distinct IRF5
haplotypes to be associated with high serum IFN-α
[33-36]
activity and with systemic lupus erythematosus
.
In addition, the IRF5 risk haplotype TCC, which
contains the risk alleles rs13242262, rs10488631 and
rs2280714 are associated with increased IRF5, IFN-α,
and IFN-inducible chemokine expression in healthy
[22]
individuals . However, our study did not assess
the relationship of the IRF5 risk haplotypes ACAC,
TCAT, TCGT with IRF5 expression, IFN-α activity and
other related IFN-α gene. This is one of the study’s
limitations; in fact the function of IRF5 in HBV infection
needs further investigations. Nevertheless, we
assume that the IRF5 risk haplotypes may affect the
expression of multiple downstream genes in the IFN-α
signaling pathway and certain inflammatory cytokines
in HBV infection.
In conclusion, IRF5 variants rs13242262A/T and
rs10488630A/G are associated with LC progression
in patients with CHB. IRF5 haplotypes appear to
influence the outcome of HBV infection. Further studies
in this direction will provide insights into a role of IRF5
variants as prognostic markers of HBV-related liver
diseases.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Hepatitis B virus (HBV) infection is a major health concern in Vietnam.
Investigations were carried out to determine IRF5 polymorphisms in the 3’ UTR
region of the IFR5 locus on susceptibility to HBV infection and progression of
liver diseases among clinically classified Vietnamese patients.

Research motivation

IRF5 is a particularly interesting member of the IRF family, which are crucial in
the innate immune response with a variety of activities like activation of type
I IFN genes, inflammatory cytokines and tumor suppressors. There are so far
no data available on associations of IRF5 variants with susceptibility to HBV
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infection and the clinical course of HBV-related liver diseases.
6

Research objectives

This study aims to investigate possible effects of IRF5 polymorphisms on
susceptibility to HBV infection and progression of liver diseases among clinically
classified Vietnamese patients.

7

Research methods

The four IRF5 SNPs rs13242262A/T, rs77416878C/T, rs10488630A/G, and
rs2280714G/A located closely at the 3′ downstream regions of the IRF5 locus
were selected for this study. IRF5 variant genotyping was performed by direct
sanger sequencing and by application of TaqMan® SNP genotyping assays.

8

Research results

9

Three hundred seventy-nine unrelated Vietnamese HBV-infected patients were
randomly recruited in a case-control design. IRF5 variants are associated with
LC progression in patients with CHB while the constructed haplotypes are
associated with LC and HCC progression in CHB patients. In addition, IRF5
variants and their constructed haplotypes are associated with clinical outcomes
of HBV infection.

10
11

Research conclusions

12

Host immune factors are crucial to the pathogenesis of HBV infection. For the
first time the authors provide evidence of the functional role of human IRF5
in immune response to the clinical outcome of HBV infection. IRF5 variants
rs13242262A/T and rs10488630A/G are associated with LC progression in
patients with CHB. IRF5 haplotypes appear to influence the outcome of HBV
infection.

13

Research perspectives

Further studies in this direction will provide insights into a role of IRF5 variants
as prognostic markers of HBV-related liver diseases.

14
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Abstract

Informed consent statement: Informed consent was not
required because all the study participants had signed a consent
form prior to neoadjuvant chemotherapy and the analysis used
anonymous clinical data.

AIM
to evaluate whether the neoadjuvant chemotherapy
(NACT)-surgery interval time significantly impacts the
pathological complete response (pCR) rate and longterm survival.

Conflict-of-interest statement: All the authors have no conflict
of interest.

METHODS
One hundred and seventy-six patients with gastric
cancer undergoing NACT and a planned gastrectomy
at the Chinese PLA General Hospital were selected
from January 2011 to January 2017. Univariate and
multivariable analyses were used to investigate the
impact of NACT-surgery interval time (< 4 wk, 4-6 wk,
and > 6 wk) on pCR rate and overall survival (OS).

Data sharing statement: All data from which the conclusion
could be drawn are presented in the manuscript. 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
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RESULTS
The NACT-surgery interval time and clinician T stage
were independent predictors of pCR. The interval time
> 6 wk was associated with a 74% higher odds of pCR
as compared with an interval time of 4-6 wk (p = 0.044),
while the odds ratio (OR) of clinical T3 vs clinical T4
stage for pCR was 2.90 (95%CI: 1.04-8.01, p = 0.041).
In Cox regression analysis of long-term survival, postneoadjuvant therapy pathological N (ypN) stage
significantly impacted OS (N0 vs N3: HR = 0.16, 95%CI:
0.37-0.70, p = 0.015; N1 vs N3: HR = 0.14, 95%CI:
0.02-0.81, p = 0.029) and disease-free survival (DFS)
(N0 vs N3: HR = 0.11, 95%CI: 0.24-0.52, p = 0.005; N1
vs N3: HR = 0.17, 95%CI: 0.02-0.71, p = 0.020). The
surgical procedure also had a positive impact on OS
and DFS. The hazard ratio of distal gastrectomy vs total
gastrectomy was 0.12 (95%CI: 0.33-0.42, p = 0.001)
for OS, and 0.13 (95%CI: 0.36-0.44, p = 0.001) for
DFS.

5 years for GC patients remains at 20%-30% .
Since more and more clinical trials have validated the
[2-4]
survival benefit of preoperative chemotherapy
,
neoadjuvant chemotherapy (NACT) has been gradually
accepted by clinicians.
Making patients experience significant tumor
downstaging and even a pathologic complete response
(pCR) is the most important goal of NACT. It has
been proven that patients who have a pCR may
achieve superior OS and fewer local or systemic
[5,6]
recurrence than those with a partial or no response .
Therefore, every potential way has been explored
to maximize the possibility of attaining a pCR. Since
the Lyon R90-01 trial found that patients undergoing
surgery at an interval of 6-8 wk after NACT showed
improvement in clinical tumor response and pathologic
[7]
downstaging compared with a 2-3-wk interval , a
growing number of studies have proven that a longer
interval is significantly related to increased pCR rates,
increased tumor downstaging, and potential superior
[8-11]
OS in rectal cancer
. However, in esophageal
cancer, results are conflicting. Some studies found that
a longer interval was associated with higher pCR rates
[12,13]
that might improve the prognosis
; even intervals
[14]
beyond 12 wk have been thought to be safe . Yet,
other studies failed to validate the connection between
longer intervals and pCR rates, and found that longer
[15,16]
intervals were disadvantageous to long-term OS
.
To our knowledge, the optimal timing of performing
surgery after NACT has never been studied in GC. An
interval time of 4-6 wk was first practiced in some
[17,18]
NACT clinical trials
. However, an interval of 4-6 wk
has never been validated as being optimal. Thus, the
aim of this study was to assess the link between NACTsurgery interval time and pCR rates and/or OS.

CONCLUSION
The NACT-surgery interval time is associated with pCR
but has no impact on survival, and an interval time > 6
wk has a relatively high odds of pCR.
Key words: Gastric cancer; Timing of surgery; Neo
adjuvant chemotherapy
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The impact of interval time between com
pletion of neoadjuvant chemotherapy and surgery on
pathological complete response (pCR) had been proved
in colorectal cancer and esophageal cancer. However,
no such research was found in gastric cancer. To
evaluate whether the interval time impacts efficiency of
neoadjuvant chemotherapy, 176 patients with gastric
cancer were recruited. The interval time and clinical T
stage were proved predictors of pCR. Post-neoadjuvant
therapy pathological N stage and surgical procedure
have a significant impact on the long-term survival. An
interval time > 6 wk was associated with a higher odds
of pCR.

MATERIALS AND METHODS
Study patients

This was a retrospective study for which we recruited
216 patients with GC who underwent NACT at the
Chinese PLA General Hospital from January 2011
to January 2017. The criteria for inclusion were: (1)
GC was diagnosed using endoscopy and a biopsy;
(2) Patients who underwent NACT and a planned
gastrectomy; and (3) All clinical pathological information
was available, including NACT relevant information,
surgical parameters, imaging information, pathological
diagnosis, perioperative therapy, and follow-up
data. The exclusion criteria were: (1) Patients older
than 75 years; and (2) Patients who ever received
chemoradiotherapy. Finally, only 176 patients
were included (figure 1). Before NACT, endoscopic
ultrasound (EUS) and contrast-enhanced computed
tomography (CE-CT) had been performed to assess
clinical stage and confirm that patients had T2-4N0-3M0
GC, according to the Japanese classification of gastric
[19]
carcinoma .

Liu Y, Zhang KC, Huang XH, Xi HQ, Gao YH, Liang WQ, Wang
XX, Chen L. Timing of surgery after neoadjuvant chemotherapy
for gastric cancer: Impact on outcomes. World J Gastroenterol
2018; 24(2): 257-265 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i2/257.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i2.257

INTRODUCTION
Surgery is the only curative treatment for gastric
cancer (GC). Although standard surgery has been
performed in recent years, overall survival (OS) at
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March 2017, we confirmed the survival status of
patients and the median follow-up time was 42 mo
(range, 2-74 mo). Follow-up data were completed for
all recruited patients.

Total cases-gastric
cancers from 2011-2017
(n = 216)

Primary and secondary objectives

Limited to patients ≤ 75

The primary objective was to evaluate the impact
of NACT-surgery interval time on pCR rate and the
optimal timing of operation. The secondary objective
was to determine the association between NACTsurgery interval time and 3-year OS or disease-free
survival (DFS). For that purpose, of the 171 patients
who were admitted from January 2011 to March 2014,
121 were selected.

(n = 209)

Limited to patients with an
gastrectomy
(n = 206)

Limited to patients with
complete clinical data and
follow-up data
(n = 176)

Statistical analysis

We used the Chi-squared test or Fisher’s exact test
for binary and categorical variables, and ANOVA
or t-tests for continuous variables, as appropriate.
Patient and tumor characteristics were compared
between the three groups at baseline and postsurgery.
A bivariate analysis of patients, tumors and surgical
characteristics, and pCR status was conducted. Tumor
or treatment characteristics that achieved a p-value
< 0.2 in univariate analysis were included in the
multivariable analysis. Logistic regression was used to
model the effects of optimal interval time on the odds
of having a pCR, and factors independently associated
with pCR were determined using a stepwise procedure.
The Kaplan-Meier method was used to estimate
survivor functions and the log-rank test was used
for the comparison of survival curves. Multivariate
analysis using Cox proportional hazards regression
analysis with a stepwise procedure was performed to
investigate independent factors of survival.
All the statistical analyses were performed using
IBM SPSS Statistics version 22.0 software. The hazard
ratio (HR) and 95% confidence interval (95%CI) were
reported and used to assess the relationship between
pCR rate and survival for each independent factor.

Final cohort
(n = 176)

Figure 1 Flow diagram of patient inclusion.

NACT and surgery

Most patients (n = 167) received 2-4 cycles of a SOX
2
regimen (S-1 80 mg/m per day, PO, days 1-14, and
2
oxaliplatin 130 mg/m per day, Ⅳ, infusion on day 1),
[20]
which is widely used in Asia ; the remaining patients
(n = 9) received a XELOX regimen (capecitabine 1000
2
mg/m per day, PO, days 1-14, and oxaliplatin 130
2
mg/m per day, IV, infusion on day 1). After two cycles
of chemotherapy, the curative effect was evaluated
[21]
using EUS and CT according to RECIST1.1 . A
gastrectomy was carried out immediately when
imaging showed an observable increase in tumor
size or tumor disappearance. If imaging indicated a
decrease in tumor size, another one or two cycles
of chemotherapy could be performed. The planned
operations after NACT were conducted by experienced
surgeons. Patients without evidence of metastasis
underwent a gastrectomy with a D2 lymphadenectomy.
For other patients, the type of operation was decided
by a multidisciplinary team. The location of the primary
tumor determined whether a proximal, distal, or total
gastrectomy was selected.

RESULTS
Among the 176 patients, 111 (63%) had an NACTsurgery interval time < 4 wk, 48 (27%) had an
interval time of 4-6 wk, and 17 (9.7%) had an interval
time > 6 wk. The median age was 57 years (range,
21-75 years) and the male to female ratio was 3.5/1.
Characteristics of the study cohort are summarized in
Table 1. Patient characteristics, tumor characteristics,
and surgical procedure were compared among the
three groups (< 4 wk, 4-6 wk, and > 6 wk). Age (p
= 0.014), tumor differentiation (before NACT) (P =
0.000), clinical T stage (p = 0.006), and ypT stage
(p = 0.045) were significantly different among the
three groups. Forty (22.7%) patients had achieved a
pCR; the pCR rate was 67.5% for those with a NACTsurgery interval time < 4 wk, 15% for those with a

Histopathology analysis and follow-up

The same pathologist microscopically analyzed all
resected specimens. Patients with post-neoadjuvant
therapy pathological (yp)T0N0M0 GC were defined
as having a pCR and all others were defined as not
[11]
having a pCR . Clinical examinations and abdominal
CT were performed every 6 mo for 3 years. Digestive
endoscopy was performed at least once a year. In
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Table 1 Demographic and tumor characteristics according to the neoadjuvant chemotherapy-surgery interval time and pathological
complete response status n (%)
< 4 wk (n = 111) 4-6 wk (n = 48) > 6 wk (n = 17) P value
Age, yr, mean ± SD
Sex
Male
Female
Chemotherapy cycles
<4
≥4
ASA, yr, mean ± SD
1
2
3
Histology (before NACT)
Tubular adenocarcinoma
Mucinous
Signet ring cell
mixed type1
Differentiation (before NACT)
Well
Moderate
Poor
Clinical T stage
2
3
4
Clinical N stage
Positive
Negative
Tumor location
Upper
Middle
Lower
Diffuse type2
Tumor diameter (before
NACT)
≤ 2 cm
2-5 cm
≥ 5 cm
Surgical procedure
Proximal gastrectomy
Distal gastrectomy
Total gastrectomy
NACT-surgery interval time
< 4 wk
4-6 wk
> 6 wk
ypT stage
0
1
2
3
4
ypN stage
0
1
2
3a
3b

55.5585 ± 10.8079

59.7916 ± 9.7891

61.5882 ± 9.5985

87 (78.38)
24 (21.62)

37 (77.08)
11 (22.92)

13 (76.47)
4 (23.53)

39 (35.14)
72 (64.86)

17 (35.42)
31 (64.58)

4 (23.53)
13 (76.47)

8 (7.21)
97 (87.39)
6 (5.40)

1 (2.8)
39 (81.25)
8 (16.67)

2 (11.76)
15 (88.24)
0

90 (81.08)
10 (9.01)
9 (9.11)
2 (1.80)

40 (83.33)
1 (2.08)
4 (8.33)
3 (6.25)

15 (88.24)
0 (0.00)
1 (5.88)
1 (5.88)

2 (1.80)
28 (25.23)
81 (72.97)

0 (0.00)
10 (20.83)
38 (79.17)

15 (88.24)
1 (5.88)
1 (5.88)

31 (27.93)
24 (21.62)
56 (50.45)

17 (35.42)
19 (39.58)
12 (25.00)

6 (35.29)
8 (47.06)
3 (17.65)

89 (80.18)
22 (19.82)

33 (68.75)
15 (31.25)

11 (64.71)
6 (35.29)

45 (40.54)
16 (14.41)
45 (40.54)
5 (4.51)

23 (47.92)
7 (14.58)
14 (29.17)
4 (8.33)

6 (35.29)
2 (11.76)
7 (41.18)
2 (11.76)

0.014
0.974

pCR (n = 40)
57.375 ± 9.862354

No pCR (n = 136) P value
57.27206 ± 10.88013

28 (70.00)
12 (3.00)

109 (80.15)
27 (19.85)

14 (35.00)
26 (65.00)

46 (33.82)
90 (66.18)

4 (10.00)
32 (80.00)
4 (10.00)

7 (5.15)
119 (87.50)
10 (7.35)

34 (85.00)
1 (2.50)
3 (7.50)
2 (5.00)

111 (81.62)
10 (7.35)
11 (8.09)
4 (2.94)

2 (5.00)
10 (25.00)
28 (79.00)

0 (0.00)
35 (25.74)
101 (74.26)

15 (37.50)
16 (40.00)
9 (22.50)

39 (28.68)
35 (19.85)
62 (51.47)

24 (60.00)
16 (40.00)

109 (88.97)
27 (11.03)

10 (25.00)
6 (15.00)
22 (55.00)
2 (5.00)

64 (47.06)
19 (13.97)
44 (32.35)
9 (6.62)

0.692

1.000

0.083

0.467

0.398

0.658

0.000

0.032

0.006

0.027

0.170

0.012

0.650

0.044

0.134
15 (13.51)
50 (45.05)
46 (41.44)

8 (16.67)
21 (43.75)
19 (39.58)

2 (11.76)
13 (76.47)
2 (11.76)

21 (18.92)
32 (28.83)
58 (52.25)

10 (20.83)
10 (20.83)
28 (58.33)

2 (11.76)
8 (47.06)
7 (41.18)

0.908
0.174

0.069
7 (17.50)
24 (60.00)
9 (12.50)

18 (2.21)
60 (69.85)
58 (27.94)

9 (22.50)
19 (47.50)
12 (30.00)

24 (17.65)
31 (22.79)
81 (59.56)

27 (67.50)
6 (15.00)
7 (17.50)

84 (61.76)
42 (30.88)
10 (7.35)

0.363

0.002

0.043

0.045
27 (24.32)
7 (6.31)
25 (22.52)
38 (34.23)
14 (12.61)

6 (12.50)
9 (18.75)
6 (12.50)
15 (31.25)
12 (25.00)

7 (41.18)
3 (17.65)
2 (11.76)
4 (23.53)
1 (5.88)

67 (60.30)
7 (6.31)
16 (14.41)
14 (12.61)
7 (6.31)

23 (47.92)
7 (14.58)
5 (10.42)
8 (16.67)
5 (10.42)

14 (82.35)
2 (11.76)
1 (5.88)
0
0

0.187

1

Mixed type: the tumor contains at least two kinds of cancer cell with different pathological classification, and the proportion of cancer cells in each type
is similar; 2Diffuse type: the region of tumor is beyond one part of the stomach (three parts of the stomach: cardiac and gastric fundus, gastric body, and
pylorus and gastric antrum). pCR: Pathological complete response; NACT: Neoadjuvant chemotherapy.

Impact of NACT-surgery interval time on pCR

NACT-surgery interval time of 4-6 wk, and 17.5% for
those with a NACT-surgery interval time > 6 wk.
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Kaplan-Meier survival 3-yr estimates
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surgery
surgery
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4-6 wk, n = 12
> 6 wk, n = 4
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4-6 wk-censored, n = 17
> 6 wk-censored, n = 8

Time
Time
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Time
Time
Time
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surgery
surgery
surgery
surgery
surgery
surgery

0-4 wk, n = 18
4-6 wk, n = 12
> 6 wk, n = 4
0-4 wk-censored, n = 62
4-6 wk-censored, n = 17
> 6 wk-censored, n = 8

0.4

P = 0.383

0.2
0.0

0.00
20.00
40.00
60.00
Time after operation (mo)
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Kaplan-Meier survival 3-yr estimates

Proportion surviving

1.0
0.8
0.6
0.4
0.2

P = 0.307

0.0
0.00
20.00
40.00
60.00
Time after operation (mo)
DFS

Figure 2 Overall survival and disease-free survival curves of the three groups. OS: Overall survival; DFS: Disease-free survival.

between patients with and without pCR.
Factors that have achieved a p-value < 0.2 in
univariate analysis were selected for multivariate
analysis, including gender, NACT-surgery and interval
time, clinical T stage, clinical N stage, tumor diameter.
The multivariate analysis (table 2) showed that a
NACT-surgery interval time of 4-6 wk was associated
with a 74% lower change of having a pCR as com
pared with an NACT-surgery interval time > 6 wk (p
= 0.044), while the OR of clinical T3 vs clinical T4 stage
for pCR was 2.90 (95%CI: 1.04-8.01, p = 0.041).

Table 2 Multivariate logistic analysis identifying independent
predictors of pathological complete response
Factor
Sex
Male vs female
NACT-Surgery interval time
< 4 wk vs > 6 wk
4-6 wk vs > 6 wk
Clinical T stage
T2 vs T4
T3 vs T4
Clinical N stage
Positive vs negative
Tumor diameter (before NACT)
≤ 2 cm vs ≥ 5 cm
2-5 cm vs ≥ 5 cm

OR

95%CI

P value

1.76

0.74-4.18

0.201

0.69
0.26

0.22-2.13
0.07-0.96

0.521
0.044

1.99
2.90

0.70-5.68
1.04-8.01

0.200
0.041

2.12

0.90-4.97

0.086

1.60
1.58

0.44-5.80
0.60-4.14

0.472
0.354

Impact of NACT-surgery interval time on OS and DFS

Kaplan-Meier analyses for 3-year OS and DFS are
presented in figure 2. There was no significant diffe
rence among the three survival curves for both OS and
DFS according to the log-rank test. The median OS was
41.5 mo (range, 20.0-61.8 mo) and median DFS was
39.5 mo (range, 0-61.8 mo).
Recurrence was experienced by 29.5% of patients.
As shown in table 3, NACT-surgery interval time was
not found to be independently associated with OS or
DFS. Independent factors associated with OS were
ypN stage (N0 vs N3: HR = 0.16, 95%CI: 0.37-0.70, p

NACT: Neoadjuvant chemotherapy.

pCR and patient characteristics, tumor characteristics,
and surgical procedure. NACT-surgery interval time
(p = 0.043), tumor differentiation (before NACT) (p
= 0.032), clinical T stage (p = 0.027), clinical N stage
(p = 0.012), tumor location (p = 0.044), and surgical
procedure (p = 0.002) were significantly different
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Table 3 Multivariable analysis identifying independent predictors of overall survival and disease-free survival
Independent predictor
HR
NACT-Surgery interval time
< 4 wk vs > 6 wk
4-6 wk vs > 6 wk
Age
≤ 60 vs > 60
Sex
Female vs male
Histology (before NACT)
Tubular adenocarcinoma vs mixed type
Mucinous vs mixed type
Signet ring cell vs mixed type
Differentiation (before NACT)
Well and moderate vs poor
Clinical T stage
T2 vs T4
T3 vs T4
Clinical N stage
Positive vs negative
Tumor diameter (before NACT)
≤ 2 cm vs ≥ 5 cm
2-5 cm vs ≥ 5 cm
Tumor location
Upper vs diffuse type
Middle vs diffuse type
Lower vs diffuse type
Surgical procedure
Proximal gastrectomy vs total gastrectomy
Distal gastrectomy vs total gastrectomy
ypT stage
T0 vs T4
T1 vs T4
T2 vs T4
T3 vs T4
ypN stage
N0 vs N3
N1 vs N3
N2 vs N3

3-yr estimate (overall survival)
95%CI
P value

3-yr estimate (disease-free survival)
HR
95%CI
P value

0.49
0.99

0.11-2.129
0.24-4.06

0.340
0.985

0.43
0.93

0.10-1.85
0.23-3.80

0.258
0.922

0.90

0.34-2.37

0.833

0.84

0.32-2.19

0.720

1.27

0.40-4.04

0.688

1.24

0.39-3.99

0.716

2.56
3.79
5.71

0.24-26.94
0.21-70.55
0.40-81.22

0.433
0.372
0.199

2.25
3.12
4.99

0.22-22.56
0.18-53.99
0.37-66.54

0.491
0.435
0.224

2.49

0.99-6.24

0.052

2.45

0.98-6.11

0.054

1.51
0.99

0.42-5.39
0.31-3.16

0.524
0.980

1.67
0.98

0.48-5.84
0.31-3.11

0.422
0.968

0.45

0.13-1.62

0.221

0.49

0.14-1.74

0.270

3.16
1.91

0.61-16.45
0.72-5.10

0.171
0.196

2.88
1.74

0.57-14.65
0.65-4.65

0.202
0.267

1.04
1.11
4.41

0.15-7.33
0.16-7.78
0.78-25.18

0.973
0.915
0.095

0.99
1.16
3.94

0.14-6.98
0.17-8.05
0.69-22.50

0.989
0.879
0.123

0.69
0.12

0.17-2.73
0.33-0.42

0.593
0.001

0.79
0.13

0.20-3.07
0.36-0.44

0.729
0.001

1.04
0.57
1.15
0.60

0.15-7.20
0.09-4.14
0.24-5.53
0.15-2.09

0.968
0.601
0.858
0.387

1.27
0.588
1.29
0.59

0.18-9.08
0.86-4.04
0.26-6.46
0.16-2.18

0.811
0.589
0.756
0.425

0.16
0.14
0.47

0.37-0.70
0.02-0.81
0.11-1.98

0.015
0.029
0.302

0.11
0.17
0.40

024-0.52
0.02-0.71
0.09-1.67

0.005
0.020
0.208

NACT: Neoadjuvant chemotherapy.

= 0.015; N1 vs N3: HR = 0.14, 95%CI: 0.02-0.81, p =
0.029) and surgical procedure (distal gastrectomy vs
total gastrectomy: HR = 0.12, 95%CI: 0.33-0.42, p
= 0.001). For DFS, independent factors were also ypN
stage and surgical procedure.

cumulative proportion of pCR by interval weeks (figure
3). The curve shows that the slope is highest when
the interval time is < 4 wk, and 4 and 6 wk are points
of inflection. Meanwhile, the NACT-surgery interval
time is commonly 4-6 wk, which is what clinicians in
China have adopted. Thus, to prove whether a NACTsurgery interval time of 4-6 wk is optimal, after taking
all factors into consideration, we divided the population
into three groups by the cutoff levels of 4 and 6 weeks.
The impact of NACT-surgery interval time on pCR is
the primary objective that we wanted to address. We
defined pCR as T0N0M0, and partial response (PR) was
not included in this study. This is because PR, which
[21]
is confirmed using imaging according to RECIST , is
more subjective and hence, more difficult to confirm
than CR. In table 1, age and tumor differentiation (before
NACT) were significantly different among the three
groups. The average age is highest in the > 6 wk group
and lowest in the < 4 wk group. The result suggests
that older patients may need a longer recovery

DISCUSSION
The impact of the NACT-surgery interval on pCR and
survival has been proven in rectal cancer and eso
[8,14]
phageal cancer
. However, the optimal NACTsurgery interval time and its association with survival,
to the best of our knowledge, have never been
investigated in GC. Similar to what was found in rectal
cancer, the results of the present study suggest that
a NACT-surgery interval time > 6 wk had a positive
impact on pCR compared with either 4-6 wk or < 4
wk. However, the NACT-surgery interval time did not
have an impact on either OS or DFS.
To determine the cutoff level, we plotted a curve of
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time on pCR rate and short-term outcomes, the
underlying mechanism has never been discussed. We
speculate that it may be the result of multiple factors,
including the ongoing effect of radiochemotherapy,
changes in the tumor microenvironment, and recovery
of immunity from chemotherapy. Additional basic
medical studies may be needed to explain it.
The association between NACT-surgery interval
time and long-term outcomes was also investigated.
The survival curves of the three groups intersected at
certain points and the log-rank test did not find any
statistical significance among the curves (figure 2).
For both OS and DFS, Cox regression analysis showed
that the NACT-surgery interval time and pCR (reflected
by ypT0 status) had no impact on survival. This result
is contrary to our expectation because pCR is deemed
[29]
to have a positive impact on survival. Meredith et al
[30]
and Abdul-Jalil et al
both reported that pCR was an
independent factor for OS and DFS. We thought that
the small sample size may be the limitation. Regarding
the NACT-surgery interval time, many previous
studies in esophageal cancer proved that the interval
[13,15,31]
time did not have any effect on survival
, while
some studies in rectal cancer reached an opposite
[26,28]
conclusion
. Our result is consistent with studies in
esophageal cancer. Our finding that ypN stage had a
significant impact on OS and DFS aligns with those from
[32,33]
previous studies
. The surgical procedure was found
to be also an independent factor that can influence
OS and DFS. Patients on whom a distal gastrectomy
was performed had a significant difference in survival
compared with patients on whom a total gastrectomy
was performed. The reason for this result may be that
patients who undergo a distal gastrectomy have a
greater chance of having a pCR, and also, may be the
difference of surgical method itself.
There were some limitations to our study. Its
retrospective nature may induce some bias. Our
relatively short follow-up time for survival (3-year es
timates) and the absence of information regarding
diseases not treated at the PLA General Hospital after
the operation may have impacted our results. Also, our
single institute research cannot avoid sampling bias and
may not be representative. The small sample size was
the biggest limitation, and the number of patients with
interval time > 6 wk was not sufficient to explore more
timing groups or the maximum interval time (such as
6-8 wk, 8-12 wk, and > 12 wk). A future multi-center
randomized control trial with a larger sample size may
be needed to validate our results.
To conclude, the NACT-surgery interval time > 6 wk
can increase the chance of a pCR, but the NACT-surgery
interval time does not have an impact on long-term
survival.

Number of patients with pCR

40
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Figure 3 Cumulative frequency of pathological complete remission by
neoadjuvant chemotherapy to surgery interval time. NACT: Neoadjuvant
chemotherapy.

period from NACT. In the subsequent univariate and
multivariable analyses, age was shown to have no
impact on pCR and long-term outcomes. With respect
to tumor differentiation, previous studies showed
that the more differentiated a tumor, the higher the
pathology response rate when patients were treated
[22,23]
with a XELOX regimen
. However, results from our
univariate analysis contradict these previous findings.
The NACT-surgery interval time, tumor differentiation
(before NACT), clinical T stage, clinical N stage, tumor
location, and surgical procedure were significantly
different between the pCR group and the no-pCR
group. We had not included surgical procedure into
univariate analysis, for the reason that the pCR status
had been determined before surgery. The subsequent
multivariable analysis proved that NACT-surgery
interval time and cT stage was independent factors
associated with having a pCR. Compared with clinical
T4 stage, patients with lower clinical T2 or T3 stage were
more likely to achieve a pCR, although there was no
significant difference between clinical T2 and T3 stages.
[24]
This result is consistent with a previous study , which
showed that lower T and N stages were linked with
higher likelihood of pCR. Patients with a NACT-surgery
interval time of 4-6 wk had a lower odds of having
a pCR than those with an interval time > 6 wk (p =
0.044). Although a NACT-surgery interval time < 4 wk
was associated with a 49% lower chance of having a
pCR as compared with an interval time > 6 wk, the
result was not statistically significant (p = 0.521).
From these outcomes and the associations among
them, we can conclude that the NACT-surgery interval
time > 6 wk was the optimal interval time and had a
positive impact on pCR as compared with the other
groups.
This result is consistent with those from previous
[25-28]
rectal and esophageal cancer studies
, and it may
be a common rule in gastrointestinal malignancies.
Although many studies have shown that there is a
positive impact from delaying the NACT-surgery interval
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chemotherapy (NACT) to surgery on pathological complete response (pCR) and
survival has been proved in rectal cancer and esophageal cancer. However, the
optimal NACT-surgery interval time and its association with survival, to the best
of our knowledge, have never been investigated in gastric cancer. This study
can provide evidence for the timing of surgery and patients with neoadjuvant
chemotherapy may benefit from it.

4

5

Research motivation

To investigate whether the interval time between NACT and surgery have an
impact on pCR was our main topic. The investigation lays a foundation for the
further RCT research.

6

Research objectives

There were two objectives in this study. The primary objective was to evaluate
the impact of NACT-surgery interval time on pCR rate and the optimal timing of
operation. The secondary objective was to determine the association between
NACT-surgery interval time and 3-year OS or disease-free survival (DFS). If
the impacts are existent, more studies will focus on the investigation of optimal
interval time and this evidence will bring a change in treatment plan for GC
patients with neoadjuvant chemotherapy.

7

Research methods

8

This is a retrospective study, in which we realized our objectives through
data analysis using bivariate analysis, logistic regression analysis, and Cox
proportion hazards regression. These methods are routinely used in studies
and have high stability.

Research results

9

The impact of the NACT-surgery interval time on pCR has been proved and the
interval time > 6 wk can increase the chance of a pCR. Clinical T stage also
have an impact on pCR. The independent predictors of long-term survival are
ypN stage and surgical procedure. These findings for the first time proved the
impact of the NACT-surgery interval time on pCR in gastric cancer and give a
reference for the optimal interval time. The further investigations of accurate
optimal interval time are needed.

10

Research conclusions

11

The authors for the first time investigated and found the impact of the NACTsurgery interval time on pCR, and the optimal interval time may be > 6 wk.
This result is consistent with those from previous rectal and esophageal
cancer studies, and we speculate that it may be the result of multiple factors,
including the ongoing effect of radiochemotherapy, changes in the tumor
microenvironment, and recovery of immunity from chemotherapy. Additional
basic medical studies may be needed to explain it.

12

Research perspectives

Further studies, either retrospective or prospective, are needed to investigate
more interval time groups with a large sample size. Also, it is meaningful to
investigate the mechanism of this finding through basic medical studies.
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Abstract
AIM
To investigate predictive and prognostic value of serum
alpha-fetoprotein (AFP) level and its dynamic changes
in patients with advanced gastric cancer with elevated
serum AFP (AFPAGC).

Informed consent statement: Patients were not required to
give informed consent for this study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to treatment by written consent.
Conflict-of-interest statement: None of the authors has
declared any conflict of interest.

METHODS
One hundred and five patients with AFPAGC were
enrolled in the study, and all of them underwent at least
one cycle of systemic chemotherapy at our institute and
had serum AFP ≥ 20 ng/mL at diagnosis or recurrence.
Clinicopathologic features, serum AFP level at diagnosis
and changes during treatment, first-line chemotherapy
regimens, efficacy and toxicity, and survival information
2
were collected. A Person’s χ or Fisher’s exact test was
used to measure the differences between variables.
Survival prognostic factors were investigated using the
Kaplan-Meier method and Cox regression.

Data sharing statement: No additional data are available.
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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/
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RESULTS
Median serum AFP level was 161.7 ng/mL (range,
22.9-2557110 ng/mL). Objective response rates (ORR)
was significantly lower in the AFP ≥ 160 ng/mL group
than in the AFP < 160 ng/mL group (30.4% vs 68.3%,
P < 0.001). ORR to doublet regimens was significantly
lower in the AFP ≥ 160 ng/mL group, whereas ORR
to triplet regimens was similar between the two
groups. Liver metastasis rate was significantly higher
in the AFP ≥ 160 ng/mL group than in the AFP < 160
ng/mL (69.8% vs 50.0%, P < 0.001). Overall survival
(OS) in the two cohorts did not show any significant
difference (P = 0.712). Dynamic changes of AFP
were consistent with response to chemotherapy, and
median OS of patients with a serum AFP decline ≥
50% and those with a serum AFP decline < 50% was
17.5 m and 10.0 m, respectively (P = 0.003). Hepatic
(P = 0.005), peritoneal (P < 0.001), non-regional
lymph node metastasis (P < 0.001), and portal vein
tumor thrombus (PVTT) (P = 0.042) were identified as
independent prognostic factors for AFPAGC.

of cancer-related death worldwide. Alpha-fetoprotein
(AFP)-producing GC (AFPGC) is rare, accounting for
[1]
2.3%-7.1% of all GCs . In 1970, Bourreille’s group
first reported a case of AFPGC, and its pathological
specimen was immunohistochemically positive
[2]
for AFP . Previous work suggests that AFPGC is
associated with a poor prognosis due to frequent
[3,4]
liver metastasis . However, most studies of AFPGC
were based on surgically resected samples and many
patients with advanced GC with elevated serum AFP
(AFPAGC) have already missed an opportunity for
[5]
surgical resection , with palliative chemotherapy
having been a mainstay treatment. AFP is the most
representative biomarker for AFPAGC, but how it
is involved in the development and progression of
AFPAGC remains known. On the other hand, due to
the rarity of this special form of cancer, there is limited
data in the literature about its optimal treatment.
In the present study, we studied whether AFP
can be used to predict prognosis, and measured its
dynamic changes over time during treatment, with an
aim to find an optimal treatment regimen for AFPAGC
and identify prognostic factors for this subtype of
advanced GC.

CONCLUSION
Real-time examination of AFP has great predictive
and prognostic value for managing AFPAGC. For those
with markedly elevated AFP, triplet regimens may be a
better choice.

MATERIALS AND METHODS

Key words: Alpha-fetoprotein; AFP-producing gastric
cancer; Predictive factor; Prognostic factor; Triplet
regimen

Patient selection

From 2006 to 2016, 2047 patients were diagnosed
with advanced gastric adenocarcinoma at our institute.
Subjects were enrolled if they were diagnosed with
primary gastric adenocarcinoma; had no chance for
surgery at diagnosis or had relapsed after radical
resection (relapse types included anastomotic
recurrence and distant metastasis); underwent at least
one cycle of systemic chemotherapy at our institute
(total number of chemotherapy cycles ranged from
one to seven, with a median number of cycles of four
in this study); and had serum AFP ≥ 20 ng/mL at
diagnosis or recurrence. The exclusion criteria were
concomitant liver diseases, such as hepatitis, cirrhosis,
fatty liver, or alcoholic liver, and concomitant second
or multiple primary tumors. We chose 105 patients
and measured pre-treatment serum AFP using
radioimmunoassay (normal range: < 7 ng/mL).

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

Core tip: Alpha-fetoprotein (AFP)-producing gastric
cancer is a rare and aggressive subtype of gastric
cancer, characterized by frequent liver metastasis and
poor prognosis. We measured AFP and its changes over
time during treatment, which revealed that AFP, as a
biomarker of advanced gastric cancer with elevated
serum AFP (AFPAGC), is significantly associated
with response to chemotherapy. The decline in AFP
after chemotherapy was found to be related to good
prognosis for AFPAGC. We finally attempted to find an
optimal treatment regimen for AFPAGC, which suggests
that for those with markedly elevated AFP, triplet
regimens may be a better choice.

Data collection

We collected data including age, gender, primary lesion
site, histological type, Lauren classification, human
epidermal growth factor receptor-2 (HER2) status,
metastasis site, serum AFP level at diagnosis and
changes during treatment, first-line chemotherapy
regimen, efficacy and toxicity, local treatment for liver
metastasis, and survival information.

Wang YK, Zhang XT, Jiao X, Shen L. Predictive and prognostic
value of serum AFP level and its dynamic changes in advanced
gastric cancer patients with elevated serum AFP. World J
Gastroenterol 2018; 24(2): 266-273 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v24/i2/266.htm DOI: http://
dx.doi.org/10.3748/wjg.v24.i2.266

Evaluation and follow-up

All patients were regularly followed from the date
of first hospitalization at our center. Laboratory
examinations were performed every 1 or 2 wk,

INTRODUCTION
Gastric cancer (GC) remains the second leading cause
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Statistical analysis

Table1 Univariate prognostic analysis of clinicopathological
features n (%)
Variable

AFPAGC
(n = 105)

Sex
Male
Female
Age (yr)
≥ 60
< 60
Serum AFP level (ng/mL)
≥ 500
< 500
Primary lesion site
EGJ
Non-EGJ
Differentiation degree
Well
Poor
HAS
Lauren classification
Intestinal
Non-intestinal
HER2 status
Positive
Negative
LM
Present
Absent
Peritoneal metastasis
Present
Absent
Non-regional LNM
Present
Absent
Other hematogenous metastasis
Present
Absent
PVTT
Present
Absent
First-line regimen
Doublet regimen
Triplet regimen
Evaluation
PR
SD + PD
AFP decline degree
≥ 50%
< 50%
Local treatment for LM
Yes
No

2

A Person’s χ test was used to measure the differences
among variables, and a Fisher’s exact test was used
when the sample size was less than five. To identify
prognostic factors for APFAGC, survival durations
were calculated using the Kaplan-Meier method
and Cox regression. For all tests, a P-value < 0.05
was considered significant. SPSS software (version
21.0; SPSS, Chicago, IL, United States) was used for
analyses. GraphPad Prism 6 (GraphPad Software, Inc,
La Jolla, CA, United States) was used for graphing.

Median OS P value
(mo)

82 (78.1)
23 (21.9)

15.0
11.3

0.144

49 (46.7)
56 (53.3)

15.0
12.0

0.189

37 (35.2)
68 (64.5)

13.0
14.6

0.806

41 (39.8)
62 (60.2)

15.0
12.0

0.245

30 (29.4)
66 (64.7)
6 (5.9)

15.4
12.9
4.5

0.496

45 (57.0)
34 (43.0)

15.4
14.6

0.352

20 (24.4)
62 (75.6)

17.5
14.6

0.583

63 (60.0)
42 (40.0)

12.0
16.7

0.048a

16 (15.4)
88 (84.6)

6.17
15.2

0.001a

56 (53.3)
49 (46.7)

11.0
17.9

0.042a

27 (25.7)
78 (74.3)

10.5
17.5

0.004a

13 (12.4)
92 (87.6)

8.3
15.0

0.011a

89 (88.1)
12 (11.9)

14.6
15.1

0.850

42 (48.3)
45 (51.7)

17.6
11.1

0.007a

49 (55.7)
39 (44.3)

17.5
10.0

0.003a

19 (18.1)
86 (81.9)

17.9
12.9

0.215

RESULTS
Clinicophathological features of 105 AFPAGC cases

A total of 105 AFPAGC patients were evaluated. They
ranged in age from 27 to 78 years, with a median
age of 59 years. Most of the patients were diagnosed
with locally advanced or metastatic GC at the initial
diagnosis. Only eight patients who had recurrent
disease after radical gastrectomy were involved in this
study, including three cases with non-regional lymph
node metastasis, six cases with liver metastasis, one
case with peritoneal metastasis, and one case with
anastomotic recurrence. Median serum AFP level was
161.7 ng/mL (range, 22.9-2557110 ng/mL). Nearly
two-thirds (64.5%) of the patients had serum AFP
< 500 ng/mL at the time of diagnosis. With regard
to immunohistochemical staining (IHC) for AFP, IHC
results were available in only 14 patients, of whom
eight were AFP positive.
As for the primary lesion site, 41 (39.8%) tumors
were located at the gastroesophogeal junction (GEJ).
In histological examination, 29.4% and 64.7%
patients were identified as well-differentiated and
poorly differentiated adenocarcinoma, respectively.
Notably, six (5.9%) patients were diagnosed with
hepatoid adenocarcinoma, which was defined as a
special subtype of primary gastric adenocarcinoma
characterized histologically by “hepatocellular car
[6]
cinoma (HCC) like differentiation” . Besides, 45
(57.0%) patients had intestinal type based on the
Lauren classification, and 20 (24.4%) patients HER2
positive.
As expected, 60.0% of patients were detected with
liver metastasis, while only 15.4% with peritoneal
dissemination. Also, portal vein tumor thrombus (PVTT)
in AFPAGC had an occurrence rate of 12.4% in this
study. The clinicopathological features of AFPAGC are
detailed in Table 1.

a

P < 0.05. GEJ: Gastroesophageal junction; HER2: Human epidermal
growth factor receptor-2; AFP: α-fetoprotein; LM: Liver metastasis; LNM:
Lymph node metastasis; PVTT: Portal vein tumor thrombus.

and enhanced computed tomography or magnetic
resonance imaging was performed to evaluate
therapeutic efficacy every 6 wk during chemotherapy.
Objective response rate (ORR) was evaluated using
RECIST version 1.0 (before 2009) and RECIST version
1.1, and adverse reactions were recorded. Overall
survival (OS) was defined as the time from diagnosis
to death from any cause or last follow-up.

WJG|www.wjgnet.com

Comparison of efficacy and toxicity of first-line
chemotherapy regimens

In the treatment of inoperable locally advanced and/
or metastatic (stage IV) GC, doublet combinations
of platinum and fluoropyrimidines were frequently
used, and most of triplet regimes were given to
those who had potential opportunity for surgery and
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Table 2 Comparison of objective response rates to different
chemotherapy regimens n (%)
Regimen

PlatinumTaxanebased doublet based doublet
regimen
regimen
(n = 58)
(n = 17)

Overall population
PR
SD + PD
AFP ≥ 160 ng/mL
PR
SD + PD
AFP < 160 ng/mL
PR
SD + PD

Table 4 Comparison of response, liver metastasis rate, and
overall survival between alpha-fetoprotein ≥ 160 ng/mL and
alpha-fetoprotein < 160 ng/mL groups n (%)

Triplet P value
regimen
(n =11)

Variable
Overall ORR
PR
SD + PD
ORR to doublet regimens
PR
SD + PD
ORR to triplet regimens
PR
SD + PD
Liver metastasis rate
Median OS

0.201
31 (53.4)
27 (46.6)

5 (29.4)
12 (76.4)

6 (54.5)
5 (45.5)
0.067

10 (32.3)
21 (67.7)

0 (0.0)
7 (100.0)

4 (57.1)
3 (42.9)

21 (77.8)
6 (22.2)

5 (50.0)
5 (50.0)

2 (50.0)
2 (50.0)

0.193

PR: Partial response; SD: Stable disease; PD: Progressive disease.

AFP ≥ 160
ng/mL

AFP < 160
ng/mL

P value

14 (30.4)
32 (69.6)

28 (68.3)
13 (31.7)

< 0.001a

10 (26.3)
28 (73.7)

26 (70.3)
11 (30.7)

< 0.001a

4 (57.1)
3 (42.9)
69.8%
13.0 mo

2 (50.0)
2 (50.0)
50.0%
14.8 mo

0.652
0.030a
0.712

a

P < 0.05. PR: Partial response; SD: Stable disease; PD: Progressive disease;
ORR: Objective response rate; OS: Overall survival.

Table 3 Severe adverse events of different chemotherapy
regimens n (%)
Regimen

≥

G3 AEs

Platinum-based
doublet regimen
(n = 72)

Taxane-based
doublet regimen
(n = 17)

Triplet
regimen
(n =12)

P value

11 (15.3)

4 (23.5)

7 (58.3)

0.004

15.3-23.5%, P = 0.004) (Table 3).
With regard to second-line chemotherapy, treatment
data were available in 57 patients in this study.
Thirty-two patients received second-line systemic
chemotherapy, regimens mainly involved taxanes alone
or combined with fluorouracil drugs. Nine patients
had no chance for second-line treatment due to bad
performance status. Moreover, 16 patients received
local treatment instead of systemic chemotherapy
due to progression after first-line treatment, including
transarterial chemoembolization in 11 patients,
radiotherapy in 2, ablation in 1, and pleural or
intraperitoneal perfusion chemotherapy in 2.

AEs: Adverse events.

good performance status in this study. Among the
original 105 patients who received first-line systemic
chemotherapy, 87 (82.9%) were evaluable for their
response. The majority (66.7%, n = 58) received
platinum-based doublet regimens, including oxaliplatin
+ capecitabine in 36 patients, oxaliplatin + S-1 in 7,
cisplatin + capecitabine in 12, cisplatin + S-1 in 1,
oxaliplatin + 5-FU in 1 , and cisplatin + 5-FU in 1.
Seventeen (19.5%) patients received taxane-based
doublet regimens, including paclitaxel + capecitabine
in 11 patients, paclitaxel + S-1 in 4, paclitaxel +
5-FU in 1, and docetaxel + capecitabine in 1. Eleven
(12.6%) patients received triplet regimens, including
POS (paclitaxel + oxaplatin + S-1) in 6 patients, DCF
(docetaxel + cisplatin + 5-FU) in 4, and PCF (paclitaxel
+ cisplatin + 5-FU) in 1. In addition, 12 of 20 HER2
positive patients received anti-HER2 therapies,
including trastuzumab in 11 patients and lapatinib in 1.
Overall ORR to first-line chemotherapy was 48.3%.
ORR to platinum-based doublet regimens was similar
to that to triplet regimens (53.4% vs 54.5%), but
much higher than that to taxane-based doublet
regimens (29.4%). The differences between either of
them did not reach statistical significance (Table 2).
As for toxicity, there were totally 22 (21.0%)
patients who suffered severe (≥ grade 3) adverse
events (AEs) during first-line systemic chemotherapy,
with most frequently occurring severe AEs being
bone marrow suppression (13.3%), hand foot
syndrome (4.8%), and digestive tract reaction (3.8%).
Notably, patients who received triplet regimens had
a significantly higher rate of severe AEs (58.3% vs
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Predictive and prognostic value of serum AFP level and
its dynamic changes during treatment

Serum AFP level at diagnosis ranged from 22.9 to
2557110 ng/mL, with a median value of 161.7 ng/mL.
As AFP is considered the most representative marker
for AFPAGC, we next investigated the association
between AFP level and response to chemotherapy,
occurrence of liver metastasis, and survival. We chose
the median value 160 ng/mL as a cutoff value.
2
The χ test showed that overall ORR in the AFP ≥
160 ng/mL group was significantly lower than that of
the AFP < 160 ng/mL group (30.4% vs 68.3%, P <
0.001). Furthermore, ORR to doublet regimens was
significantly lower in the AFP ≥ 160 ng/mL group,
whereas ORR to triplet regimens was similar between
the two groups (Table 4).
The ROC curve analysis for the predictive value of
serum AFP is shown in Figure 1. The sensitivity and
specificity were 71.1% and 69.0%, respectively, at a
cut-off value of 164.8 ng/mL.
In addition, we found that liver metastasis rate was
significantly higher in the AFP ≥ 160 ng/mL group than
in the AFP < 160 ng/mL group (69.8% vs 50.0%, P
< 0.001), although OS did not show any significant
difference (P = 0.712, Table 4). We measured serum
AFP levels in 81 patients at the time of evaluation,
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Table 5 Correlation between decline degree of serum alphafetoprotein and response n (%)

0.8

Sensitivity

Variable
0.6

0.4

0.0
0.0

0.2

0.4
0.6
1 - specificity

0.8

Serum AFP level (ng/mL)

34 (72.3)
13 (27.7)

5 (14.7)
29 (85.3)

<0.001

Factor
LM (present)
PM (present)
Non-regional LNM (present)
Other hematogenous metastasis
(present)
PVTT (present)
Response (SD + PD)
AFP decline degree (< 50%)

100000
Case
Case
Case
Case
Case
Case
Case
Case
Case
Case
Case
Case
Case
Case

10000
1000
100
10

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Diagnosis

PR

95%CI

P value

1.363-5.788
2.026-8.883
1.928-7.268
0.692-3.161

0.005a
< 0.001a
< 0.001a
0.312

2.341
1.92
1.876

1.030-5.320
0.953-3.867
0.980-3.589

0.048a
0.068
0.057

P value < 0.05. LM: Liver metastasis; PM: Peritoneal metastasis; LNM:
Lymph node metastasis; PVTT: Portal vein tumor thrombus; SD: Stable
disease; PD: Progressive disease; HR: Hazard ratio.

in 17 patients until the time of progression. Among
them, serum AFP declined by ≥ 50% in 14 patients
when evaluated as PR, but re-elevated back to the pretreatment levels when progressed. No re-evaluation of
serum AFP levels was also observed in several patients
(Figure 2A). By contrast, serum AFP level did not decline
that much in three patients when evaluated as PR,
and with the tumor progressed, AFP levels of all these
patients elevated markedly, even much higher than the
pre-treatment levels (Figure 2B).

PD

100000
Case 1
Case 2
Case 3

10000

HR
2.809
4.243
3.743
1.479

a

1
0

Serum AFP level (ng/mL)

P value

Table 6 Multiple Cox regression analysis of prognostic factors

1.0

Figure 1 The receiver operating characteristic curve analysis for predictive
value of serum alpha-fetoprotein level. The area under the curve is 0.670.

B

AFP decline < 50%

SD: Stable disease; PD: Progressive disease; OS: Overall survival; PR:
Partial response

AFP (AUC = 0.670)
Reference line

0.2

A

AFP decline ≥ 50%

Response
PR
SD + PD

1000

Survival analysis of AFPAGC

The 1-year survival for AFPAGC patients was 41.9%
and median OS was 13.9 mo. Potential prognosisrelated factors including sex, age, primary tumor
features, serum AFP level, liver and extrahepatic
metastasis, treatment, and response were examined.
Univariate analysis showed that metastasis status
(liver metastasis, peritoneal metastasis, non-regional
lymph node metastasis, and other hematogenous
metastasis), PVTT, response to chemotherapy, and
serum AFP decline degree were associated with
prognosis (Table 1, Figures 3 and 4). Multivariate
analysis showed that hepatic (P = 0.005), peritoneal
(P < 0.001), and non-regional lymph node metastasis
(P < 0.001), and PVTT (P = 0.042) were independent
prognostic factors (Table 6).

100

10
Diagnosis

PR

PD

Figure 2 Changes of serum alpha-fetoprotein levels at the time of
diagnosis, evaluation, and progression. A: Dynamic changes of serum AFP
in patients whose AFP declined by ≥ 50% when evaluated as PR; B: Dynamic
changes of serum AFP in patients whose AFP declined by < 50% when evaluated
as PR. PR: Partial response; PD: Progressive disease.

and the patients were sub-classified into two cohorts
according to the decline degree of AFP: (1) ≥ 50%(n =
47); and (2) < 50% (including those who had elevated
AFP after chemotherapy) (n = 34). A significant
correlation was observed between AFP decline degree
and response to chemotherapy (72.3% vs 14.7%, P <
0.001, Table 5).
Among the 39 patients who achieved partial
response (PR), serum AFP levels were exactly measured
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DISCUSSION
We found that monitoring serum AFP over time had
predictive and prognostic value in the management of
AFPAGC. AFP is a fetal serum protein produced by fetal
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Overall survival (%)

100

significantly lower than that of the AFP < 160 ng/mL
group (30.4% vs 68.3%, P < 0.001). This may be
partially explained by the fact that AFP-producing
[11]
gastric cell lines were resistant to many drugs .
We have known that AFP is not only a product of
tumor, but also contributes to tumor aggression
as well as regulation of hepatocellular growth and
[12]
[13]
tumorigenesis . Similar to that in HCC , AFP also
has a crucial role in the proliferation, apoptosis, and
[14]
angiogenesis of AFPGC cells . Therefore, we speculate
that AFP may play a significant role in primary drug
resistance in AFPAGC and this warrants more study.
Besides the serum AFP level at diagnosis, we
measured the dynamic changes of AFP over time after
treatment, and this helped us to predict the efficacy
of treatment and early relapse. It is noteworthy to
mention that serum AFP does not always increase
after tumor recurrence due to high heterogeneity of
[15-17]
AFPAGC
, which has been reported in a previous
[18]
study . Although serum AFP itself cannot be definitely
associated with survival, we found AFP decline was
significantly associated with prognosis, suggesting the
need of real-time assay of AFP during management of
AFPAGC. Furthermore, monitoring AFP changes after
first-line chemotherapy may suggest tumor behavior
and assist with subsequent treatment choices.
To explore optimal treatment regimens for AFPAGC,
we analyzed ORR and toxicity of different regimens,
and found that platinum-based doublet regimens
and triplet regimens had similar ORR in AFPAGC. In
the treatment of inoperable locally advanced and/or
metastatic (stage IV) GC, doublet combinations of
platinum and fluropyrimidines are often used, with an
[19]
ORR of 52.2%-58.7% . However, triplet regimens
[20]
are not routinely used in China and Japan . ORR to
doublet regimens was significantly lower for subjects
with markedly elevated serum AFP in the present study
(26.3% vs 56.1%), so triplet regimens may be better
for this subgroup compared with doublet regimens,
despite frequent ≥ grade 3 adverse events (58.3%).
Due to extremely aggressive biological behavior,
more aggressive therapy using triplet regimens may
be considered for those with high serum AFP level.
Optimizing triplet regimens also needs further study.
Targeted therapy may also offer a key to striding
over primary drug resistance to some extent. Nextgeneration sequencing has been applied to GC and
the Cancer Genome Altas (TCGA) Research Network
defined four major genomic subtypes of GC: EpsteinBarr (EBV)-infected tumors; microsatellite instability
(MSI) tumors; genomically stable (GS) tumors;
[21]
and chromosomally unstable (CIN) tumors . EBVinfected and MSI tumors were identified as potential
[22]
candidates for immune checkpoint inhibitors .
Recent studies suggest that most TCGA tumors with
elevated AFP expression were categorized as CIN
subtypes, characterized by frequent amplifications
of receptor tyrosine kinases, many of which are
amenable to blockade by agents in current use or

With LM
Without LM

80
60
40
20
0

0

10

20

30

40

50

60

t /mo

Figure 3 The median overall survival of patients with liver metastasis and
those without was 16.7 m and 12.0 m, respectively (P = 0.048).
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Figure 4 The median overall survival of patients with a ≥ 50% serum
alpha-fetoprotein level decline and those with a < 50% decline was 17.5
mo and 10.0 mo, respectively (P = 0.003).

and yolk sac cells and its level rapidly decreases after
birth. Although AFP is a well-known tumor marker for
[7]
hepatocellular carcinoma and yolk sac tumors , it is
also elevated in various extrahepatic tumors, including
gastrointestinal tract tumors, as well as pancreatic,
[8]
gallbladder, lung, and bladder cancers .
The definition of AFPGC varies across studies,
and elevation of serum AFP or immunohistochemical
[1,3,9,10]
staining for AFP is often used
. As a rare subgroup
of GC, AFPGC was reported to be more aggressive
than that without AFP production, and to have more
[5]
liver metastasis, even after radical D2 gastrectomy .
Therefore, systemic chemotherapy is a first-line
approach for treatment of this special subtype of GC.
Previous studies focused on AFPGC after radical
gastrectomy, and few data exist about optimal treat
ment for AFPAGC. Thus, we studied the treatment,
therapeutic response, and outcomes of AFPAGC,
and elucidated the predictive and prognostic value of
serum AFP in the management of this special cancer.
Considering many factors that can cause a mild increase
in AFP, such as liver metastasis sites, we selected a
threshold of AFP ≥ 20 ng/mL as the inclusion criterion
in this study.
Our study revealed that AFP, a biomarker of
AFPAGC, was associated with response to chemo
therapy. ORR in the AFP ≥ 160 ng/mL group was
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[23]

advanced gastric cancer with elevated serum AFP (AFPAGC). Therefore, we
performed this study to seek better management regimen for AFPAGC, with an
aim to improve the prognosis of this special aggressive cancer.

in development . Recurrent amplification of the
gene encoding ligand vascular endothelial growth
factor A was notable given the activity of the vascular
endothelial growth factor-receptor 2 (VEGF-R2)
[24,25]
targeted antibody ramucirumab in GC
. Due to
increased VEGF expression and rich neovascularization
in AFPGC, which is consistent with high incidence of
PVTT (12.4% in our study), anti-angiogenic therapy is
thought to be effective. In a case report of a patient
with chemotherapy-resistant recurrent AFPGC, after
six doses of ramucirumab, metastatic lymph nodes
were centrally necrotic, and serum AFP decreased
[26]
from 1280 to 225 ng/mL . What’s more, apatinib,
a small molecular tyrosine kinase inhibitor targeting
VEGF-R2, is also anti-angiogenic. Another case report
of targeted therapy with apatinib in a patient with
advanced AFPGC showed that PFS was achieved
[27]
in 5 mo . Similarly, in our present study, we also
found that serum AFP in one patient decreased from
2000 ng/mL to 400 ng/mL with apatinib. Also, multitarget tyrosine kinase inhibitors, including sorafenib,
which was approved for first-line treatment of HCC,
[28]
were reported to be effective for this type of GC ,
indicating a correlation between the carcinogenesis of
AFPGC and HCC.
Therefore, we suspect that anti-angiogenic drugs
and multi-target tyrosine kinase inhibitors may have
great potential for treating this aggressive subtype of
GC, and AFP production may predict response. Thus,
combined chemotherapy and molecular targeted
treatment should be studied. Overall, AFPAGC is
associated with a relatively poor prognosis, and it is a
heterogeneous cancer with different clinical outcomes,
biological behaviors, and genetic alterations. However,
not all AFPAGC patients have a prognosis as poor as
we previously thought.
In conclusion, real-time examination of AFP has
great predictive and prognostic value in managing
AFPAGC. High AFP is associated with poor response to
chemotherapy, and AFP decline after chemotherapy is
considered related to good prognosis in AFPAGC. Liver
metastasis, peritoneal metastasis, non-regional lymph
node metastasis, and PVTT are independent prognostic
factors for this special cancer. For those with markedly
elevated serum AFP, triplet regimens may be a better
choice.

Research objectives

The main objectives of this study were: (1) to elucidate predictive and
prognostic value of serum AFP level and its dynamic changes during
management of AFPAGC; and (2) to discover optimal treatment modality for
AFPAGC. This would also allow risk stratification for patients with gastric cancer
in future clinical trials.

Research methods

Patient data in this study were obtained by reviewing electronic medical charts.
Statistical analyses were performed with SPSS 21.0 software. A Person’s χ 2 test
was used to measure the differences among variables. To identify prognostic
factors for APFAGC, survival durations were calculated using the Kaplan-Meier
method and Cox regression.

Research results

Our results revealed that for AFPAGC, serum AFP level was associated with
liver metastasis rate and response to chemotherapy. Serum AFP decline degree
was associated with response to chemotherapy and survival. Furthermore, we
investigated optimal chemotherapy regimen for this special population, which
revealed that for those with marked AFP elevation, triplet regimens could offer a
better objective response rates (ORR) than doublet regimens, but the toxicity is
a problem that remains to be solved. Finally, hepatic (P = 0.005), peritoneal (P
< 0.001), non-regional lymph node metastasis (P < 0.001), and PVTT (P = 0.042)
were identified as independent prognostic factors for AFPAGC.

Research conclusions

This is the first study to elucidate the great predictive and prognostic value of
real-time examination of serum AFP in managing AFPAGC. We also suggest
that for GCs with markedly elevated AFP, triplet regimens may be a better
choice. This would also allow risk stratification for patients with gastric cancer in
future clinical trials.

Research perspectives

Since AFPAGC is rare, for which large prospective clinical trials are not
feasible, it is very significant to summarize clinical experience retrospectively.
Although our results showed that triplet regimens may offer a better ORR,
there remains controversy regarding the utility of triplet regimens due to their
toxicity. Therefore, it will be necessary to optimize triplet regimens and find new
therapeutic targets in future studies. Next generation sequencing may bring us
new insight in the future.
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AIM
To investigate the neoadjuvant chemotherapy (NAC)
effect on the survival of patients with proper stomach
cancer submitted to D2 gastrectomy.
METHODS
We proceeded to a review of the literature with
PubMed, Embase, ASCO and ESMO meeting abstracts
as well as computerized use of the Cochrane Library
for randomized controlled trials (RCTs) comparing NAC
followed by surgery (NAC + S) with surgery alone (SA)
for gastric cancer (GC). The primary outcome was the
overall survival rate. Secondary outcomes were the
site of the primary tumor, extension of node dissection
according to Japanese Gastric Cancer Association
(JGCA) performed in both arms, disease-specific (DSS)
and disease-free survival (DFS) rates, clinical and
pathological response rates and resectability rates after
perioperative treatment.
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RESULTS
We identified a total of 16 randomized controlled trials
comparing NAC + S (n = 1089) with SA (n = 973)
published in the period from January 1993 - March
2017. Only 6 of these studies were well-designed,
structured trials in which the type of lymph node (LN)
dissection performed or at least suggested in the trial
protocol was reported. Two out of three of the RCTs
with D2 lymphadenectomy performed in almost all
cases failed to show survival benefit in the NAC arm. In
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the third RCT, the survival rate was not even reported,
and the primary end points were the clinical outcomes
of surgery with and without NAC. In the remaining
three RCTs, D2 lymph node dissection was performed
in less than 50% of cases or only recommended in the
“Study Treatment” protocol without any description in
the results of the procedure really perfomed. In one of
the two studies, the benefit of NAC was evident only for
esophagogastric junction (EGJ) cancers. In the second
study, there was no overall survival benefit of NAC.
In the last trial, which documented a survival benefit
for the NAC arm, the chemotherapy effect was mostly
evident for EGJ cancer, and more than one-fourth
of patients did not have a proper stomach cancer.
Additionally, several patients did not receive resectional
surgery. Furthermore, the survival rates of international
reference centers that provide adequate surgery for
homogeneous stomach cancer patients’ populations are
even higher than the survival rates reported after NAC
followed by incomplete surgery.

INTRODUCTION
Gastric cancer (GC) is the third most common cancer[1]
related cause of death . Worldwide, approximately 1
million new cases of gastric cancer are diagnosed every
[2]
year . In 2016, nearly 13000 new cases are expected
to be diagnosed in Italy with 7400 (56.9%) cases in
[3]
males and 5300 (40.7%) cases in females .
The main prognostic factors for gastric cancer
patients who receive radical surgery are the number of
metastatic lymph nodes (LN) and the LN-ratio (the ratio
between metastatic LN and LN removed).
The 5-year overall survival for resectable GC is
approximately 20% to 30% worldwide, but, surprisingly,
it is 70% in Japan and in other eastern countries,
where the high incidence of the disease is managed
with screening programs to find tumors at an earlier
stage, and patients receive adequate surgery, including
[4]
extended LN dissection (D2 gastrectomy) .
The therapeutic role of LN dissection has been
a matter of discussion for a long period. In eastern
countries, D2 lymphadenectomy has been considered
[5-7]
the standard procedure for many decades
. In
western countries, a more limited LN dissection has been
performed until the last decade due to the low incidence
of this tumor and the resulting limited experience
with this complex and challenging procedure that has
[8-10]
substantial learning curves
.
Nevertheless, at the end of the 90s, the Italian
Gastric Cancer Study Group (IGCSG) randomized
controlled trial (RCT) showed that when a D2 lym
phadenectomy with a pancreas-preserving technique
is performed in references centers, it is a reproducible
and safe procedure for the radical treatment of GC in
[11]
western countries as well .
Later, Dutch and IGCSG trials also documented a
survival benefit of the extended procedure in patients
[12,13]
with advanced disease
. Consequently, the survival
rates for western reference centers adopting D2 gas
trectomy as the standard procedure for gastric cancer
were comparable to the rates reported in Japan and
Korea. Therefore, in international western guidelines
for the diagnosis and treatment of gastric cancer, D2
gastrectomy is currently the recommended surgical
choice for cases of resectable advanced disease.
Although surgery is the treatment of choice for
GC, in western countries, prognosis remains poor out
side reference centers even after curative resection,
especially for the high rate of recurrence and the
[14]
poor efficacy of adjuvant therapy . Many trials have
investigated the impact of adjuvant treatment by
comparing surgery alone with surgery followed by
adjuvant chemotherapy, but there is no definitive
[15]
evidence of any survival advantage .
Moreover, in the western world, one-third of patients
[16]
diagnosed with GC have unresectable diseases .
Therefore, in the last decade, a multimodal app
roach of GC has been suggested with the adoption of
neoadjuvant (preoperative or perioperative) treatment
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Records identified throught
Database research
(n = 5957)

MATERIALS AND METHODS
Literature search

We proceeded to conduct a complete review of the
literature with the support of the Federate Library of
Medicine of Turin. The body of evidence for this review
was primarily comprised of mature RCT data and
meta-analyses of RCTs.
We searched PubMed, Embase, American Society
of Clinical Oncology (ASCO) and European society of
Medical Oncology (ESMO) meeting abstracts as well as
the Cochrane Library by computer for non-randomized
and randomized works published from 1993 to March
2017 (Figure 1).
Keywords were matched and included “NAC or
neoadjuvant chemotherapy or neo-adjuvant chemotherapy
or neo-adjuvant chemo-therapy or neoadjuvant chemotherapy or preoperative chemotherapy or pre-operative
chemotherapy or preoperative chemo-therapy or preoperative chemo-therapy or perioperative chemotherapy
or peri-operative chemotherapy or peri-operative
chemo-therapy or perioperative chemo-therapy ”, “GC or
gastric cancer or stomach cancer or stomach neoplasm or
gastric neoplasm or gastric adenocarcinoma or stomach
adenocarcinoma”, and “RCT or randomized controlled
trial or randomised controlled trial”.
All published trials comparing NAC-containing
procedures vs no treatment before surgery in patients
with gastric cancer (or gastric cancer + cardia cancer
+ lower-esophagus cancer) were included earlier in our
analysis. Blinding the trial conditions was not necessary.
There was no language restriction.

Records after duplicates or
irrelevant articles removed
(n = 202)

Records screened
(n = 19)

Records removed
(n = 3)

Articles assessed
For eligibility
(n = 16)

Full-text articles
(n = 12)

Abstracts
(n = 4)

Figure 1 Literature selection flowchart.

(NAC). Based on the reason that, at least theoretically,
this treatment may reduce tumor volume, improve
the R0 resection rate, and kill micro metastases, NAC
has been recently introduced in the national guidelines
of many countries, especially after publication of the
Medical Research Council Adjuvant Gastric Infusional
Chemotherapy (MAGIC) and the Federation Nationale
des Centres de Lutte contre le Cancer (FNCLCC)
-Federation Francophone de Cancerologie Digestive
(FFCD) RCTs, without a clear and evidence-based
medicine (EBM)-related demonstration of a survival
benefit compared to controlled surgery with proper
enlarged LN dissection in patients with only stomach
[15,17,18]
tumors
.
Effectively the MAGIC and FNCLCC-FFCD RCTs
have shown a survival advantage of NAC + surgery vs
surgery alone, but surgery performed in these patients
did not include a proper extended lymphadenectomy
in the majority of cases, and many patients had lower
esophagus (LE) or esophagogastric junction (EGJ)
cancer instead of only GC. Therefore, it is possible
that a proper radical surgery (gastrectomy with D2
LN dissection) may nullify the survival benefit of NAC
described after incomplete surgery and also that
the location of the tumor outside the stomach (EGJ
and LE), may amplify the response to preoperative
treatment.
To document a possible benefit of NAC after
adequate D2 gastrectomy for only stomach cancer,
we proceeded to review the literature on neoadjuvant
treatment for resectable gastric cancer by mainly

Inclusion criteria

We screened titles and abstracts of all identified
papers (5957) and included only trials that satisfied
the following criteria: patient populations with gastric
th
cancer (diagnosed and classified according to 6 or
th
7 TNM and/or Japanese Gastric Cancer Association)
[19-21]
without age, gender and racial limitations
; inter
vention and a comparative intervention that was
clearly documented (NAC + surgery -NAC+S versus
surgery alone -SA) for GC regardless of the detailed
NAC regimens that were administered, surgical
techniques performed (type of gastrectomy and LN
dissection), pathological classification, location and
stage of the disease. All patients needed to have a
history of potentially curative surgery.
NAC could be performed through oral or intra
venous (Ⅳ), intraperitoneal (IP) and intra-arterial (IA)
infusion.
Esophagogastric junction and lower esophagus
cancer patients were considered only if they were
enrolled together with proper gastric cancer patients in
[15,17,18,22]
the same study
. In these cases, the results of
tests for heterogeneity effects according to the site of
the primary tumor were documented when reported

investigating these variables.
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Quality assessment of RCTs

by the authors.
When results were reported or updated in more
than one publication, only the most recent paper was
used.
At the end of the process, only RCTs were included
in this review (Figure 1).

The quality of the included RCTs was assessed using
[24]
modified Jadad’s scoring system
and Cochrane
[25]
reviewers’ handbook 5.0.1 RCT criteria . The asse
ssment was based on the randomization methods, the
report of dropout rates, allocation concealment, the use
of intention-to-treat (ITT) analysis, and losses to followup, the extent to which valid results were depicted.
Based on these criteria, the studies were divided into
high quality group (score ≥ 4) and low quality group
(score < 4) (Table 1).

Exclusion criteria

We included only GC patients according to the theory
of site-dependent differences in tumor genomics
[23]
and biology . Therefore, studies recruiting loweresophagus and cardia cancers without gastric cancer
were excluded. Studies including GC and diseases other
than GC (lower esophageal cancer, esophagogastric
junction tumor) were also excluded unless analyses
were conducted separately.
Studies of preoperative radiotherapy or immu
notherapy were excluded if they were not associated
with chemotherapy.
We excluded patients with history of prior treat
ment before entering the trial as well.

RESULTS
Study selection and population

Figure 1 shows the literature trial selection flowchart.
In brief, 5957 studies were identified from the literature
search. Out of all these studies, a total of 202 relevant
papers documenting the results of any comparison
of NAC + S vs SA for gastric cancer were selected.
Then, we proceeded to a further selection of 19 papers
reporting the results of controlled trials that were
described as randomized in the title, (6 abstracts and
13 full-text papers). Nevertheless, a more detailed
examination showed that in 3 of these studies, patient
[26-28]
allocation had in fact not been conducted randomly
.
Therefore, only 16 papers were proper randomized
controlled trials that fulfilled our research criteria and
were included in this review.
These RCTs were published between 1993 and
2011 with a 24 to 83 mo follow-up period. A total of
2062 patients was included in the analysis with 1089
receiving NAC (52.81%) and 973 (47.18%) undergoing
SA.

Types of interventions

Any chemotherapy regimen performed before resective
surgery with or without postoperative adjuvant
treatment was included and located in the NAC-arm.
For the surgery alone-arm (SA-arm), we enrolled all
types of gastrectomy and lymphadenectomy that were
performed (D0, D1, D1plus, D2, D3).
Studies in which GC was associated with another
synchronous malignancy or studies containing mul
tivisceral resections were excluded.

Outcomes of interest and definitions

The primary outcomes were the overall survival rates
(time from random assignment to the last follow-up
or death) and/or disease-free survival rates (DFS)
(time from random assignment to tumor recurrence
or death) and/or disease-specific survival rates (DSS)
(time from random assignment to death from disease).
Secondary outcomes included the perioperative
response rates, the R0 (margin negative) resection
rate after perioperative treatment, and OS or DFS or
DSS according to the type of lymph node dissection
performed (D1, D2, others) following Japanese Gastric
[21]
Cancer Treatments Guidelines . Preoperative tumor
stages were all recorded following TNM classification of
th
[19]
malignant tumors (mostly from the 6 edition ).
The objective response to NAC was evaluated
as either complete response (CR), partial response
(PR), stable disease (SD) or progressive disease (PD)
according to the indications of the Japanese Gastric
[21]
Cancer Association .
Some trials assessed the down-staging effect of
NAC by separating out patients with negative nodes
from patients with positive nodes on pathological ex

Characteristics of included studies
[29]

In Yonemura’s trial (1993), fifty-five patients with far
advanced gastric cancer (TNM stage IV) were enrolled
with 29 who received neoadjuvant treatment and 26
who underwent surgery alone (Table 2). NAC patients
were treated with a PMUE regimen, a combination of
2
cisplatin (CDDP) 75 mg/m , mitomycin C (MMC) 10 mg/
body, etoposide 150 mg/body, and 400 mg/d UFT. The
author reported response rates, resectability rates with
curative intent and a survival rate advantage in the NAC
group, but, overall, this was not statistically significant.
Furthermore, the type of lymph node dissection
performed in both arms was not reported.
In 1995, Shchepotin et al[30] included 146 GC patients
in a RCT in which the tumor stage was not specified
(Table 2). Fifty patients were treated with surgery
alone, and 96 patients were submitted to NAC. Out
of these patients, 49 received intravenous (systemic)
chemotherapy (IVCH) and 47 received super selective
intra-arterial chemotherapy (IACH). The chemotherapy
regimen was not mentioned. Only IACH + S showed
a response rate and a survival rate advantage over

aminations after surgery.
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Table 1 Quality assessment of all the 16 randomized controlled trials found in literature and included in this study
Study
[29]

Yonemura et al , 1993
Shchepotin et al[30], 1995
Kang et al[31], 1996
Lygidakis et al[32], 1999
Takiguchi et al[33], 2000
Wang et al[22], 2000
Kobayashi et al[35], 2000
Hartgrink et al[4], 2004
Nio et al[36], 2004
Zhao et al[37], 2006
Cunningham et al[17], 2006
Schuhmacher et al[15], 2010
Imano et al[38], 2010
Biffi et al[39], 2010
Qu et al[40], 2010
Ychou et al[18], 2011

Randomization

Allocation concealment

Blind

Withdrawal and dropout

Jadad score

ITT

Adequate
Unclear
Unclear
Inadequate
Unclear
Unclear
Adequate
Adequate
Inadequate
unclear
Adequate
Unclear
unclear
Unclear
Adequate
Adequate

Inadequate
Unclear
Unclear
Unclear
Inadequate
Unclear
Adequate
Adequate
Inadequate
Unclear
Adequate
Unclear
unclear
Unclear
Unclear
Well reported

Adequate
Inadequate
Inadequate
Inadequate
inadequate
Inadequate
Inadequate
Inadequate
Inadequate
Inadequate
Adequate
Unclear
Unclear
Unclear
Unclear
Unclear

Well reported
NR
Well reported
Well reported
Well reported
Well reported
Well reported
Well reported
Well reported
Well reported
Well reported
Well reported
Well reported
Well reported
NR
Well reported

5
1
3
2
2
3
5
5
1
3
7
4
4
4
4
6

NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
YES
YES
NR
YES
NR
YES

NR: Not reported; ITT: Intention-to-treat analysis.

surgery alone, and this survival benefit was statistically
significant (p < 0.01). Patient selection and the type of
lymph node dissection performed were not reported.
The Kang et al[31] trial enrolled 107 patients with
operable gastric cancer at TNM stages Ⅲ and Ⅳ. Fiftyfour patients received surgery alone and 53 received
NAC with a PEF regimen followed by surgery. The
response rate was not specified. The curative resection
rate was higher in the NAC + S group than in the SA
group. However, there was no significant difference in
overall survival between the two arms (p = 0.114). The
type of lymph node dissection that was performed was
not reported (Table 2).
Lygidakis et al[32] recruited 58 patients with resectable
gastric cancer at all stages. Patients were randomly
assigned to 3 groups. Group A (No. 20) patients received
preoperative hypoxic upper abdominal chemotherapy
using mitomycin-C, 5-fluorouracil, leucovorin, and
farmorubicin combined with adjuvant systemic che
motherapy; Group B (No 19) patients received preo
perative hypoxic upper abdominal chemotherapy without
systemic chemotherapy; and Group C (No 19) patients
received surgery alone. Improved survival was reported
by combining hypoxic upper abdominal perfusion NAC
with surgery compared to surgery alone. Response rate,
resectability rate and type of LN dissection were not
documented (Table 2).
Two-hundred-sixty-two patients with resectable GC
mostly with serosal invasion were treated by Takiguchi et
al[33] with either SA (239 patients) or NAC (123) between
May 1993 and May 1998. NAC patients received 5-FU
(F group, n = 39) until the day before surgery or 5-FU
combined with CDDP (FP Group, n = 84). NAC with 5-FU
combined with low-dose CDDP was reported to reduce
the rate of intraperitoneal positive cytology, increase the
rate of successful resections and improve OS without
statistical significance. The extension of the lymph node
dissection was not described (Table 2).
In 2000, Wang et al[22] published the results of an
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RCT that included sixty patients with gastric cardia
cancer that were randomly assigned to surgery alone
(No. 30) or to NAC with 5-FU (No. 30). As Siewert
Ⅲ cancers are nowdays considered as proper gastric
cancers, this study was included in the study despite
our inclusion criteria[34]. The 5-year OS rate was
improved in the NAC group but this survival benefit was
not statistically significant. The resectability rate and
type of node dissection performed in both groups were
not reported (Table 2).
Kobayashi et al [35] performed a multicenter
randomized clinical trial by recruiting 171 patients
with advanced gastric cancer (a more detailed TNM
tumor stage was not specified). These patients were
randomized either to NAC with oral 5’-DFUR (No 91)
followed by surgery and adjuvant therapy with iv MMC
and oral 5’-FUDR or for surgery alone (No. 80) followed
by the same adjuvant therapy. This clinical trial failed
to demonstrate any survival benefit of preoperative
chemotherapy over surgery alone. Response rate,
resectability rate and the type of node dissection
performed in both arms were not documented (Table 2).
In 2004, Hartgrink et al[4] reported the long-term
results of the Dutch randomized FAMTX trial. In this
trial, 59 AGC patients were recruited with no further
details about the stage of the disease. Of these
patients, 29 were allocated to the FAMTX regimen
prior to surgery, while 30 patients received surgery
alone. The resectability rates were equal for both
groups. A complete or partial response was registered
in 32% of the FAMTX group. The median survival since
randomization was 18 mo in the FAMTX group vs 30 mo
in the SA group (p = 0.17). Therefore, the trial could
not show a beneficial effect of preoperative FAMTX. The
standard surgical procedure included a limited (D1)
lymphadenectomy. The authors concluded that surgery
alone is the best treatment for operable gastric cancer
(Table 2).
In 2004, Nio et al[36] published the results of a RCT in
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Table 2 Positive human epidermal growth factor receptor 2 status by immunohistochemistry and/or fluorescence in situ
[10,11,27]
hybridization for the patients enrolled in the ToGA trial
Author
Countries
Yonemura et al[29]
Japan

Year,
Type of
publication
1993
Abstract

Shchepotin et al[30]
Ukraine

1995
Abstract

Kang et al[31] South
Korea

1996
Abstract

Lygidakis et al[32]
Greece

1999
Paper

Takiguchi et al[33]
Japan

2000
Abstract

Wang et al[22]
China

2000
Paper

Kobayashi et al[35]
Japan

2000
Paper

Hartgrink et al[4]
The Netherlands

2004
Paper

Nio et al[36]
Japan

2004
Paper

Zhao et al[37]
China

2006
Paper

Cunningham et al[17]
United Kingdom

2006
Paper

Schumacher et al[15]
Germany

2010
Paper

Imano et al[38]
Japan

2010
Paper

Biffi et al[39]
Italy

2010
Paper

N° patients
randomization

Site
Stage

Regimen

Response rate Resectability rate

Survival rate
(HR; p)

Node dissection
(D1,D2, others)

55 Tot
29 NAC + S
26 S
146 Tot
50 S
49 IVCH + S
47 IACH + S
107 Tot
54 S
53 NAC + S
59 Tot
19 S
20 NAC + S +
IVCH
20 NAC + S
262 Tot
139 S
123 NAC + S
60 Tot
30 S
30 NAC + S
171 Tot
80 S
91 NAC + S
59 Tot
30 S
29 NAC + S

GC
IV

PMUE

Adv NAC + S

Adv NAC + S

Adv NAC+S
Rates NR

NR

GC
NR

NR

Adv IACH + S

Adv IACH + S

Adv IACH + S
P < 0.001

NR

GC
III/IV

PEF

NR

Adv NAC + S

No difference
P = 0.114

NR

GC
All stages

Mitomycin-C
+ 5-FU + FA +
Farmorubicin

NR

NR

Adv
NAC + S +
IVCH

NR

Adv NAC+S

Adv NAC + S
P = 0.0996

NR

GC
III/IV

5FU + CDDP Adv NAC + S

EGJ
NR

5FU

Adv NAC + S

NR

Adv NAC + S
P = 0.17

NR

AGC

FUDR

NR

NR

Adv S
P = 0.010

NR

Proper AGC
(not EGC)

FAMTX

32% CR or PR

EQUAL

295 Tot
193 S
102 NAC + S

GC
All stages
> 50% stage I

UFT

NR

NR

60 Tot
20 5’-DFUR
20 5FU + CF
20 S
503 Tot
250 S
253 NAC + S

GC
All stages

5’-DFUR
Or
5FU+CF

282/144 Tot
72 S
72 NAC + S

GC, EGJ, LE
All stages

NR

NR

Adv NAC + S
OS/DFS
23% S
36.3%/
NAC+S
HR 0.75/0.66
P=
0.009/0.001
more evident
for EGJ
No Adv NAC
+ S 52 ms S
64 ms NAC +
S
HR = 0.84
P = 0.46

D2
40% S
42% NAC + S

not evaluated
premature
interruption
for low accrual

D2 in almost
all cases

GC, EGJ
Cisplatinum +
Adv in S
R0
D2 94%
(Siewert II, III)
FF
Tumor length,
67% S
92.6% S
stages
thickness and 81.9% NAC + S
95.7% NAC + S
III, IV
width and
P = 0.036
P Stages more
LN +
76.5% S
61.4% NAC + S
P = 0.018
GC
5FU or
5-FU + CDDP
NR
No differences D2 in all arms
NR
CDDP or
Increases AI
in 4 arms
5F +CDDP
Reduces PI

63 Tot
16 S
15 CDDP
16 5-FU
16 5-FU + CDDP
240/70 Tot
EGJ (Siewert
35 S
II, III), AG
34 NAC + S
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5’-DFUR and
5FU + CF
increase AI
and reduce PI
Epirubicin Diameter 5 cm
Cisplatinum
vs 3 cm
5-FU
P < 0.001
T1 + T2 stages
> NAC + S
P = 0.002

Adv S
At least 15 nodes
34% S vs
21% NAC + S
P = 0.017
Overall
D2
No Adv. NAC
48% S
+S
56% NAC + S
P = 0.6878
stage II/III
-pN +
Adv. NAC + S
P = 0.0486
NR
NR

TCF

279

65% CR + PR

Adv NAC + S
(P value NR)
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Qu et al[40]
China

2010
Paper

Ychou et al[18]
France

2011
Paper

78 Tot
39 S
39 NAC + S
224 Tot
111 S
113 NAC + S

AGC

Paclitaxel and Adv NAC + S
FOLFOX4
P = 0.001

Adv NAC + S
P = 0.025

LE,EGJ,GC
All stages

CDDP + 5FU Adv NAC + S
P = 0.054

Adv NAC + S
P = 0.04

Adv NAC+S
P = 0.006 at 2 yr

NR

OS (NAC +
D2
S/S) = 38/24 recommended
HR = 0.69
No data on the
P = 0.02
effect of D2
DFS (NAC +
vs other LN
S/S) = 34/19
dissection
HR= 0.65
P = 0.003
more evident
for EGJ

GC: Gastric cancer; NAC: Neoadjuvant chemotherapy; S: Surgery; EGC: Early gastric cancer; AGC: Advanced gastric cancer; EGJ: Esophagogastric junction;
LE: Lower esophagus; OS: Overall survival; DFS: Disease free survival; LN: Lymph node; D2: D2 lymphadenectomy; FA: Folinic acid; CR: Complete
response; PR: Partial response; 5-FU: 5-fluorouracil; PMUE: Cisplatin + mitomycin C + etoposide +1-(2-tetrahydrofuryl)- + uracil; IVCH: Intravenous
(systemic) chemotherapy; IACH: Super selective intra-arterial chemotherapy; PEF: Low dose cisplatinum + epirubicin + 5-fluorouracil; CDDP: Low dose
cisplatinum; 5'-DFUR: 5'-deoxy-5-fluorouridine; FAMTX: 5-fluorouracil + doxorubicin + methotrexate; UFT: Tegafur + 5-fluorouracil; FF: d-L-folinic
acid+fluouracile; TCF: Docetaxel + cisplatin + fluorouracil; FOLFOX4: 5-fluorouracil + leucovorin + oxaliplatin; Adv: Advantage; NR: Not reported; Tot:
Total; AI: Apoptosis index; PI: Cell proliferation index; HR: Hazard ratio.

which 295 patients with GC of all stages were included
(more than 50% were stage I). Overall, 193 patients
were randomly allocated to the SA-arm and 102 were
allocated to the NAC-arm with the UFT regimen (Tegafur
+ 5-FU). The response rate to NAC was 33.3%. The
resectability rate was not reported. There were no
significant differences in the OS rates between the NAC
and SA groups. A survival benefit of NAC over SA was
documented only in stages 2 and 3 and was higher
in stage 2 and 3 patients with a complete or partial
response to NAC compared to non-responders. The
type of LN dissection performed was D2 only in 48% in
the SA arm and 56% in the NAC-arm.
Zhao et al[37] studied the apoptosis induced by
preoperative oral 5’-FUDR administration in GC and
its mechanism of action. Sixty patients with gastric
cancer of all TNM stages were randomly assigned to
3 groups (20 each group) before surgery. Group one
patients received a NAC treatment with 5’-DFUR oral
administration; group two patients received 5-FU +
CF by venous drip for 3-5 d; and group three patients
received surgery alone. The authors documented a
significant increase in the apoptosis of gastric carcinoma
cells and a decrease in the tumor cell proliferation index
in group one patients after oral 5’-FUDR administration
compared to groups 2 and 3. Nevertheless, preoperative
NAC did not improve patient prognosis. The resectability
rate and type of lymph node dissection were not
reported.
In the most known RCT on NAC (MAGIC Trial)
published in 2006 in the New England Journal of
Medicine (NEJM), Cunningham et al[17] studied the effects
of preoperative treatment on 503 recruited patients with
all stages of resectable adenocarcinoma of the stomach,
esophagogastric junction, or the lower esophagus
(Table 2). Patients were randomly assigned to either
a perioperative treatment (250 patients) followed by
surgery or surgery alone (253 patients). Perioperative
chemotherapy consisted of three preoperative and
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three postoperative cycles of i.v. epirubicin (50 mg/
m2) and cisplatin (60 mg/m2) on day 1 as well as a
continuous i.v. infusion of fluorouracil (200 mg/m2 per
day) for 21 d. The resected tumors were significantly
smaller and less advanced in the perioperativechemotherapy group (p < 0.001), and among patients
undergoing resection, there was a greater proportion
of stage T1 and T2 tumors in the perioperativechemotherapy arm compared to the surgery alone arm
(p = 0.002). Compared with the surgery alone arm, the
perioperative chemotherapy arm had a higher likelihood
of overall survival (hazard ratio for death, 0.75; 95
percent confidence interval, 0.60 to 0.93; P = 0.009;
five-year survival rate, 36% vs 23%) and progressionfree survival (hazard ratio for progression, 0.66; 95
percent confidence interval, 0.53 to 0.81; P < 0.001).
Nevertheless, the tumor was located in the stomach
in 74% of cases in the NAC- arm and 73.9% in the
surgery alone-arm; the tumor originated from the lower
esophagus or from the esophago-gastric junction in the
ramaining cases. D2 lymphadenectomy was performed
only in 40% of patients in the SA arm and in 42% of
patients in the NAC arm. Furthermore, according to
tests for heterogeneity of the treatment effects related
to the baseline characteristics of patients, the survival
benefit of perioperative chemotherapy was stronger for
the esophagogastric junction and the lower esophagus
site of the primary tumor compared to the proper sto
mach site. Resectability rates were not significantly
different among the two groups.
Schuhmacher et al [15] in 2010 reported the
preliminary results of the European Organisation
for Research and Treatment of Cancer ( EORTC)
randomized trial Nr. 40954 that compared NAC to SA
for locally advanced cancer of the GC and EGJ (Table
2). The original trial design required that 360 patients
with locally advanced (UICC stages Ⅲ and Ⅳ cM0)
adenocarcinoma of the stomach or esophagogastric
junction (Sievert Ⅱ and Ⅲ) were randomly assigned to
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preoperative chemotherapy with cisplatin, d-L-folinic
acid and fluorouracil after surgery or surgery alone. This
trial was stopped for poor accrual after 144 patients
were enrolled, including 72 patients in the surgery
alone arm and 72 in the perioperative-chemotherapy
treatment arm. More than half of patients had tumors
located in the proximal third of the stomach, including
EGJ Siewert type Ⅱ and Ⅲ. The trial showed a
significantly increased R0 resection and pN0 rates in
the NAC arm (p = 0.036) compared to the SA arm, but
failed to demonstrate a survival benefit of perioperative
treatment. In this trial, adequate surgery with D2
lymph node dissection was performed in 92.6% of SA
arm patients and in 95.7% of NAC + S arm patients.
The survival rates at 2 years were 72.7% (95%CI:
60.7%-81.7%) and 69.9% (95%CI: 57.7%-79.2%) in
the neoadjuvant and surgery-only arms, respectively.
The better outcome than expected after surgery alone
was ascribed to the high quality of surgery and nodal
dissection that was performed.
Imano et al[38] in 2010 reported the results of a fourarm randomized trial designed to evaluate the effects
of short-term NAC (chemotherapy performed for 72
h before surgery) on the proliferative ability of cancer
cells in gastric cancer. Sixty-three patients with gastric
cancer were randomly assigned to 4 groups as follows:
Group F, which had a single administration of 5-FU (16
patients); Group C, which had a single administration
of CDDP (15 patients); Group FC, which had admini
stration of both 5-FU and CDDP; and the Control
Group, which had surgery alone (16 patients). Gastric
cancer TNM or UICC stages were not reported. The D2
lymph node dissection was performed in all patients.
The authors found that the combination of CDDP and
5-FU reduced proliferative ability and increased cellular
apoptosis in gastric cancer cells. Nevertheless, there
were no differences in overall survival rates between
each group. Resectability and R0 resection rates were
not reported (Table 2).
A group from the European Institute of Oncology in
Milan[39] published the data of a multicenter RCT in which
the objective was the non-inferiority of preoperative NAC
with TCF regimen followed by surgery (Arm A) compared
to surgery followed by the same chemotherapy regimen
(Arm B) on clinical outcomes (morbidity and mortality
of surgery) in GC patients (Table 2). Based on the initial
design, a target sample size of 240 patients with locally
advanced GC was required. Nevertheless, this trial was
prematurely stopped at 69 randomized patients due
to insufficient accrual with 34 in Arm A and 35 in Arm
B, D2 lymphadenectomy was performed in almost all
cases in both arms. The resectability rate was greater
in the Arm A compared to the Arm B. In conclusion,
preoperative TCF was safe and had similar morbidity
compared to surgery followed by a TCF regimen.
Furthermore, due to its early discontinuation for slow
accrual, this study did not provide information about
the efficacy of preoperative TCF, and no survival results
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were reported.
Qu et al[40] enrolled 78 patients with cTNM stage Ⅲ
or Ⅳ (M0) gastric cancer (Table 2). Thirty-nine of these
patients were randomized to the NAC arm (paclitaxel
combined with FOLFOX4 regimen) and 39 to the
surgical arm. The clinical response rate was 66% in
the NAC arm. The R0 resection rate was significantly
higher, and the number of lymph node metastases was
significantly lower in the NAC arm compared to the SA
arm. In addition, the 2-year survival rate was higher in
NAC- than in the surgery alone-arm. The location of the
disease and type of lymph node dissection performed
were not described. The sample size was very small.
The results of the FNCLCC and FFCD multicenter
Phase Ⅲ trial[18] were published in the Journal of
Clinical Oncology in 2011 (Table 2). In this trial, 224
patients with resectable adenocarcinoma of the lower
esophagus, gastroesophageal junction (EGJ), or
stomach were randomly assigned to either perioperative
chemotherapy with cisplatin and a fluorouracil regimen
(NAC arm, n = 113) followed by surgery or surgery
alone (SA arm, n=111). The curative resection rate was
significantly higher in the NAC arm compared to that in
the SA arm (84% vs 73%, P = 0.04). A non-significant
decrease of lymph node metastases in the NAC arm
compared to that of the SA arm was reported (67% vs
80%; P = 0.54). Compared to the SA group, the NAC
group showed a better OS (5-year rate 38% vs 24%;
HR for death 0.69; P = 0.02) and a better diseasefree survival (5-year rate: 34% vs 19%; HR for death
0.65; P = 0.003). Nevertheless, in this trial, only 25%
of patients had a tumor located in the stomach, while in
64% of cases, the tumor site was the esophagogastric
junction, and another 11% of patients had cancer of the
lower esophagus. While an extended lymphadenectomy
(D2) was recommended in the “Study Treatment”
protocol, the lymph node dissections performed in both
arms were not described in the results. The authors
concluded that compared to surgery alone, perioperative
chemotherapy using a combination of cisplatin and
fluorouracil significantly improved the curative resection
rate, OS and DFS of patients with adenocarcinoma of
the lower esophagus, EGJ and stomach. Nevertheless,
this strong conclusion is an evident contrast to their
previous comment reported in the “RESULTS” section
of this paper where they stated that although the
multivariable analysis showed the two significant
prognostic factors for OS were the administration of a
preoperative chemotherapy (P = 0.01) and tumor site
(P < 0.01), the chemotherapy effect was only significant
in the esophagogastric junction subgroup, which
included around two-thirds of the patients. The two
other subgroups (lower esophagus and stomach) were
too small to distinguish between no effect and a small
effect. Should these comments have been emphasized
in the conclusion of the paper as well?
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dissection was not described at all (Table 2). When
reported, there was very little evidence of the effects of
NAC on clinical and pathological responses. Very often,
the eventual chemotherapy effect on those responses
was not accomplished by any survival advantage, and in
cases of survival benefit, this was not significant, or its
level of significance was decreased by the low sample
size of the study population.
Only 6 articles accurately described the extension
of LN dissection performed on the patient population
(Table 3).
A proper D2 lymph node dissection was documented
in only 3 published RCTs[15,38,39]. Two of these trials with
complete D2 dissection performed in almost all cases
did not show any survival benefit in the NAC arm[15,38].
In the third RCT with adequate surgery and extended
lymph node dissection, the primary end points were
morbidity and mortality of surgery. Furthermore,
due to low accrual with early discontinuation of the
trial, no information on the efficacy of preoperative
chemotherapy was provided, and no survival results
were reported[39].
In the remaining 3 RCTs[17,18,36], a proper D2 nodal
dissection was performed in less than 50% of patients
or was recommended in the “Study Treatment” protocol
but not described in the results.
In one of these trials[18], subsite analysis according
to the site of the tumor showed that the favourable
chemotherapy effect on OS reported in the conclusion
of the trial for all groups of tumor site (lower esophagus,
EGJ, stomach) was actually strongly evident only for
EGJ cancers, which represented 64% of all cancers of
the study population, while the other two subgroups
(lower esophagus and stomach, 11% and 25%,
respectively) were too small to distinguish between no
effect and a small effect. Furthermore, the 5-year OS
and DFS rates reported in the trial for the SA arm were
24% and 19%, respectively and were too low compared
to rates commonly reported in other series from either
eastern or western reference centers for gastric cancer
care and research[13,48,50,51,54].
In the randomized trial published by Nio et al[36],
there were no significant differences in overall survival
rates between the NAC and SA groups in the whole
study population. A survival benefit of NAC over
surgery alone was documented only in subsite analysis
according to the UICC stage of disease. This benefit was
reported for UICC stage II and III, and it was higher
in stage II and III patients with complete or partial
response to NAC compared to non-responders.
Finally, the MAGIC trial[17] also contains several
critical points. Despite the reported significant OS
benefit for the NAC arm, more than one-fourth of
patients had a cancer located outside the stomach
(i.e., lower esophagus or esophagogastric junction)
and D2 lymphadenectomy was performed in only
40.4% of patients of the SA group and in only 42.5%
of patients of the perioperative-chemotherapy group.
Furthermore, non-resectional surgery was performed in

DISCUSSION
Actually, curative resection (R0) with D2 lympha
denectomy is the recommended standard procedure for
advanced gastric cancer according to the Japanese[21],
Korean[41], British[42], German[43], and Italian[44] guide
lines, as well as the guidelines of the European Society
for Medical Oncology (ESMO)[45] and the joint ESMOESSO (European Society of Surgical Oncology) ESTRO
(European Society of Radiotherapy and Oncology)[46].
Recently, the National Comprehensive Cancer Network
(NCCN) recommended D2 gastrectomy in the United
States as well[47].
Following the results of the MAGIC[17] and FNCLCCFFCD[18] trials, which documented an overall survival
and a disease free survival benefit after NAC compared
to surgery alone (from 23% to 36%, P = 0.009
and from 24% to 38%, p = 0.02, respectively), the
same reported national and international guidelines
suggested the adoption of preoperative or perioperative
chemotherapy, mostly in cases in which lymph node
metastasis is clinically suspected (cN+) or there is
a clinical TNM stage 3 or higher ( cT3+). In some
experiences NAC has been employed for earlier T stage
as well (cT2+)[47].
We deeply believe that the conclusions drawn after
the publication and circulation of those two trials have
been too strong in influencing the decision of several
medical-oncology societies to adopt unconditionally
preoperative or perioperative chemotherapy regimens
for locally advanced resectable gastric cancer. We
have tried to demonstrate that the survival benefits
reported in MAGIC and FNCLCC-FFCD trials are
significant in those series, but the 5-year OS rate of
NAC-arms in both trials is even lower than OS rates
reported in series from other eastern and western
reference centers for gastric cancer treatment after only
adequate curative surgery with extended lymph node
dissection[48-52]. In fact, these reported benefits come
from unbalanced series regarding the extent of nodal
dissection. Furthermore, subsite analysis of both study
populations clearly shows that chemotherapy effects
on patient survival claimed in the published reports
are mostly related to the site of tumor. In both trials,
the chemotherapy effect is strongly evident in the EGJ
subgroup.
Consequently, we did a massive literature search to
investigate the eventual demonstration of any survival
benefit of preoperative or preoperative chemotherapy
in patient populations with tumors properly located
only in the stomach and treated with adequate surgery,
including complete D2 lymph node dissection as
described by JGCA guidelines and recommended by
international guidelines.
In this literature search, we found only 16 rando
mized controlled trials that compared neoadjuvant
chemotherapy followed by surgery vs surgery alone in
gastric cancer. Ten of these 16 papers were low samplesize single-center trials in which the extension of LN
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Tab 3 Characteristics and outcomes of randomized controlled trial describing the type of lymph node dissection and the site of
primary tumor in both arms
Ref.

No. patients
randomization

Site of primary tumor

Nio et al[36],
2004

295 Tot
193 S
102 NAC + S

Stomach

D2 in less than 50% overall
48% S
56% NAC + S

Cunningham
et al[17], 2006

503 Tot
250 S
253 NAC + S

Stomach 73.9%
EGJ 11.5%
LE 14.6%

D2 in less than 50%
40% S
42% NAC + S

Schumacher et
al[15], 2010

282/144 Tot
72 S
72 NAC + S

Stomach 47.2%
EGJ 52.8% (Siewert II, III)

Proper D2 in 94% overall
92.6% S
95.7% NAC+S

Imano et al[38],
2010

63 Tot
16 S
15 CDDP
16 5-FU
16 5-FU + CDDP
240/70 Tot
35 S
34 NAC + S

Stomach

Proper D2 in all patients of both
arms

Stomach 59%
EGJ 41% (Siewert II, III)

Proper D2 in almost all cases

LE 11%,
EGJ 64%,
Stomach 25%

D2 recommended
No data on LND performed

Biffi et al[39],
2010

Ychou et al[18],
2011

224 Tot
111 S
113 NAC + S

Node dissection (D1, D2, others) Survival rate (HR, p)
Overall
No Adv NAC + S
P = 0.6878
stage II/III -pN+
Adv NAC + S
P = 0.0486
Adv NAC + S
OS/DFS 5 yr-SR
23%/NR S
36.3%/NR NAC + S
HR = 0.75/0.66
P = 0.009/0.001
No adv NAC + S
52 ms S
64 ms NAC + S
HR = 0.84 P = 0.46
No differences for all
arms

not evaluated
premature
interruption for low
accrual
OS (NAC + S/S) 38/24
HR = 0.69
P = 0.02
DFS (NAC + S/S)
34/19
HR = 0.65
P = 0.003

HR for site of
primary tumor
NR

HR
LE 0.7
EGJ: 0.5
Stomach: 0.8

NR

NR

NR

HR
LE 1.14
EGJ 0.57
Stomach 0.92

S: Surgery; NAC: Neoadjuvant chemotherapy; Adv: Advantage; LND: Lymph node dissection; OS: Overall survival; DFR: Disease free survival; HR:
Hazard ratio; LN+: Lymph node positive; D2: D2 lymph node dissection; NR: Not reported; LE: Lower esophagus; EGJ: Esophagogastric junction; pN+:
Positive lymph nodes at pathological examinations.

16.8 and 13.2% of patients in the SA and NAC groups,
respectively. As a result of the inadequacy of surgical
treatment and lymph node dissection administered to
patients, the rate of overall survival and progression-free
survival at 5 years after the operation was extremely
low in the SA group (23% and 18%, respectively), and
in the NAC group the chemotherapy effect on prognosis
produced survival rates that remained lower than those
reported in worldwide reference centers after adequate
extended surgery without any neoadjuvant treatment.
Furthermore, although non statistically significant,
tests for heterogeneity effects according to the site
of the primary tumor showed that the perioperative
chemotherapy effect was much more prevalent for
esophagogastric junction cancer (HR for mortality 0.5)
and much smaller for stomach cancer (HR for mortality
0.8).
Therefore, did preoperative or perioperative che
motherapy make up for all shortcomings of incomplete
surgery that did not respect the adequacy of cure
and extension of nodal dissection? Could neoadjuvant
treatment be a valid support for inadequate surgery
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alone in those centers where it is performed without a
complete D2 lymph node dissection? Furthermore, could
neoadjuvant treatment combined with adequate surgery
increase survival rates to the rates found by eastern
authors?
The only well-designed clinical trials with controlled
D2 surgery performed in almost all cases in both arms
were prematurely ended for low accrual[15,39]. One of
the studies did not even consider survival as a primary
end point, and the objective of the study was the
effect of preoperative drugs on clinical outcomes of
surgery (morbidity and mortality) and on pathological
response[39]. The EORTC trial effectively aimed to detect
an improvement in median survival after administration
of a neoadjuvant treatment, but when it was stopped
for poor accrual, despite a significant increase in curative
resection, it failed to demonstrate a survival benefit[15].
The authors themselves concluded that the high quality
of surgery performed with extended resection of re
gional lymph nodes outside the perigastric area was
responsible for the better than expected outcome after
radical surgery alone. In fact, the survival rates at 2 and
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Table 4 Survival results after surgery alone in reference centers
Study, country

Period

Setup

Cunningham et al[17] United Kingdom

1994-2002

Ychou et al[18] France

1995-2003

Maruyama et al[48] Japan

1991-2009

MC
RCT
MC
RCT
MC
Retr

Wu et al[53] Taiwan

1993-1999

Kim et al[49] South Korea

2009-2011

Siewert et al[50] Germany

1986-1989

Sue-Ling et al[51] United Kingdom

1970-1989

Viste et al[54] Norway

1980-1990

Robertson et al[55] Hong Kong

1987-1991

Dent et al[56] South Africa

1982-1985

Bonenkamp et al[57] The Netherlands

1989-1993

Degiuli et al[13] Italy

1998-2006

No. of patients Node dissection
503

5-yr OS rates

11261

D2 in 40% S/42%
NAC
No data on type
of LND
D2

NAC + S 36.3%
Surgery alone 23%
NAC + S 38%
Surgery alone 24%
AJCC Stage Ⅱ 73.1%

MC
RCT
MC
Retr
MC
Prosp
SI
Prosp
SI
Retr
SI
RCT
SS
RCT
MC
RCT

110/111

D1 vs D3

AJCC stage Ⅲ 44.5%
D1 53.6%/ D3 59.5%

1561

D2

1096

D2

AJCC Stage Ⅱ 86.5%
AJCC Stage Ⅲ 63.7%
46.60%

207

D2

55%

105

D2

47%

25/30

D1 vs D2

D1 45%/D2 35%

22/21

D1 vs D2

D1 69%/D2 67%

380/331

D1 vs D2

MC
RCT

133/134

D1 vs D2

D1/D2: 45%/47%
D2, pT2: 44%
D2, pT3: 22%
D2, LN-/LN+: 69%/30%
D1 /D2: 66.5%/64.2%
D2 pT2-T4: 59%
D2 pT2-pT4 N+: 51%

224

MC: Multicenter; RCT: Randomized control trial; Retr: Retrospective study; NAC: Neoadjuvant chemoterapy; S: Surgery; Prosp: Prospective study; SI:
Single institution; SS: Single surgeon; LND: Lymph node dissection; OS: Overall survival; AJCC: American Joint Committee on Cancer; LN+: Lymph node
positive; LN-: Lymph node negative; D1: D1 lymph node dissection; D2: D2 lymph node dissection; D3: D3 lymph node dissection; NR: Not reported; pT2:
Pathological TNM T2 stage; pT3: Pathological TNM T3 stage.

5 years were surprisingly high at approximately 70 and
50%, respectively, without any differences in the two
arms of the study.

(Table 4).
In a recent RCT from Taiwan, Wu et al[53] observed an
overall 5-year survival of 59.5% after extended surgery,
and the rate of T1 patients in this study population was
26% (Table 4).
In 2017, Kim et al[49] published survival data as
observed in high volume centers in Korea. Overall,
the 5-year survival was surprisingly very high at
approximately 80% in all patients, but AJCC stage Ⅰ
represented 63% of the study population. Anyway, the
5-year survival rates for stage Ⅱ and Ⅲ were still 86.5%
and 63.7%, respectively (Table 4).
Survival rates after SA higher than those published
in MAGIC and FNCLCC-FFCD neoadjuvant settings have
been reported also in the western world, both in nonrandomized and randomized studies on D2 gastrectomy.
In historical non-randomized trials published in the 80s
and 90s in Germany[50], England[51] and Norway[54], the
5-year OS rates coming from reference centers after
extended procedures were reported as 46.5, 55% and
47%, respectively. In all these study populations, T1
cancers represented less than 10% of all patients (Table
4).
In historical randomized trials from Honk-Kong[55]
and South Africa[56], despite evident limitations due to
the low accrual, OS after D2 gastrectomy were reported
as 35% and 67%, respectively (Table 4).

Survival results after surgery alone in reference centers

As already reported above, several studies from
either eastern or western countries have reported
survival rates after adequate surgery with extended
nodal dissection that were significantly higher than
rates reported both in the MAGIC[17] and FNCLCCFFCD[18] trials after neoadjuvant treatment followed by
incomplete surgery. Furthermore, these studies consider
only cancer arising from the stomach, while the two
RCTs included the lower esophagus and EGJ cancers as
well (Table 4).
Recently, Maruyama et al[48] reported an overall
5-year survival rate of 70.1% among all UICC stages of
the disease (data from Japanese Nationwide Registry
of 11.261 gastric patients over the period 1991-2009)
after surgery alone with accurate D2 lymph node
dissection. Removing data for Stage Ⅰ patients, which
usually do not have indications for preoperative treat
ment, the rates referring to UICC stage Ⅱ and Ⅲ, which
are commonly submitted to NAC according to the
current guidelines, were 73% and 44.5, respectively
and were still significantly higher with respect to figures
reported in the neoadjuvant settings discussed above
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Additionally, in more recent RCTs coming from
Europe, the Dutch[57] and the IGCSG[13] trials, the rates
of overall survival observed after proper D2 gastrectomy
alone were at least comparable to the results reported
by Cunningham and Ychou in the MAGIC and FNCLCCFFCD RCTs after chemotherapy followed by incomplete
surgery. The results of the Dutch trials were first
published in the NEJM in 1999. The 5-year OS rate after
extended nodal dissection was 47% in all patients. It
was 77%, 44% and 22% in T1, T2 and T3 patients,
respectively, and 69% and 30% in lymph node-negative
or lymph node-positive patients, respectively[57] (Table
4).
The survival results of the IGCSG RCT were published
in 2014 in the British Journal of Surgery[13]. The overall
5-year survival and the 5-year disease-specific survival
rates were 64.2% and 72.6%, respectively, for the whole
cohort of patients submitted to D2 lymphadenectomy.
Tumors were stratified by the depth of invasion and
by lymph node involvement, and both the OS and
DSS were calculated for pT2-pT4 patients and for pT2pT4 with node-positive patients. In these two subsites
of patients (which represent a common indication for
neoadjuvant treatments), the 5-year OS and DSS were
59% and 69%, respectively. The observed morbidity
and mortality were extremely low (24% and 2.2%,
respectively), and therefore, they did not negatively
impact the effects of extended surgery on survival, in
contrast to what was described previously by Cuschieri
et al[58] and Bonenkamp et al[57] in their studies. This
trial is a clear demonstration that adequate surgery with
proper extended nodal dissection with low complications
and mortality can provide impressive survival results
that are even significantly higher than those reported
in trials adopting neoadjuvant treatments in a similar
patient population (Table 4).
On the other hand, due to the high rates of morbidity
and mortality, the MAGIC trial designed by Cuschieri
to demonstrate the superiority of the extended
gastrectomy over the standard D1 procedure in Great
Britain failed to document a survival advantage[58,59].
In fact, the OS reported by Cuschieri 5 years after
surgery was low with 33% in the D2 arm and 35%
in the D1 arm, which was only comparable to the
results observed in the MAGIC and FNCLCC-FFCD
trials when taking all patients into consideration. It
was even lower if we removed AJCC Stage Ⅰ patients.
In fact, in the remaining AJCC stage Ⅱ and stage Ⅲ
patients, it was 31% and 11%, respectively. These
poor survival rates have been related to a combination
of the observed severe morbidity and mortality with
the inadequacy of the procedures performed, including
many protocol violations, especially due to high rates of
noncompliance (e.g., non-removal of several Ln stations
that were expected to be removed during lymph node
dissections). A few years later, the positive results of the
MAGIC trial on NAC do seem a direct consequence of
this lack of quality and adequacy of surgical treatment

WJG|www.wjgnet.com

provided to gastric cancer patients in many upper
GI centers from Great Britain until the revolutionary
centralization of treatments adopted since recent years.
The chemotherapy effect was more evident when the
quality of surgery was lower.
In conclusion, neoadjuvant (preoperative or
perioperative) chemotherapy for GC has been rapidly
introduced in international western guidelines without
evidence-based medicine related demonstrations
of its efficacy for proper stomach cancer in patients
who receive a complete extended (D2) lymph node
dissection. The currently available data support
the adoption of NAC procedures in several national
guidelines based on low-volume study populations with
mixed sites of the primary disease (lower esophagus,
esophagogastric junction and stomach), and statistical
tests have often shown evidence of the heterogeneity
of chemotherapy effects according to the site of the
primary tumor. In both MAGIC and FNCLCC-FFCD
trials, tests for heterogeneity showed that perioperative
chemotherapy effects were much more evident for
esophagogastric junction cancer and much less for
stomach cancer. Furthermore, in both these RCTs
supporting the adoption of NAC, surgery provided
to patients was incomplete because extended nodal
dissection was performed in less than 50% of patients
or not described, and no results on the LN yield were
documented to warrant its adequacy. The only welldesigned RCT with extended surgery performed in
almost all cases was prematurely ended for poor
accrual, but at the moment of its closure, it failed to
demonstrate a survival benefit for NAC.
Moreover, in national reference centers for gastric
cancer care and research, OS and DSS rates of subsites
of patients theoretically fit for NAC submitted to surgery
alone with complete D2 dissection and performed for
cancers located in the stomach only, are even higher
than those reported after NAC followed by incomplete
surgery provided to a patient population with mixed
sites of the primary tumor.
We think additional high volume sample-size
multicenter (and eventually multinational) RCTs com
paring newer treatment regimens of neoadjuvant
settings (capecitabine, oxaliplatin, docetaxel) combined
with molecular therapies (epidermal growth factor
receptor inhibitors or antiangiogenic agents) followed
by controlled D2 surgery with controlled D2 surgery
alone are necessary to investigate the survival effects
of modern preoperative chemotherapy in patients with
only stomach cancer who receive proper extended
surgery.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Actually, curative surgery with complete D2 lymph node dissection is the
treatment of choice for gastric cancer (GC). In high-volume reference centers
surgery alone gives excellent survival rates. Anyway, in western countries,
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prognosis remains poor outside reference centers even after curative resection,
especially for the high rate of recurrence mainly due to incomplete nodal
dissection. Many trials have investigated the impact of adjuvant treatment by
comparing surgery alone with surgery followed by adjuvant chemotherapy, but
there is no definitive evidence of any survival advantage.
Therefore, in the last decade, a multimodal approach of GC has been
suggested with the adoption of preoperative or perioperative treatment (NAC).
The problem is that NAC has been introduced in the national guidelines of
many countries, especially after publication of MRC and French RCTs, without
a clear and evidence-based medicine (EBM)-related demonstration of a survival
benefit compared to controlled surgery with proper enlarged LN dissection in
patients with only stomach tumors.
In fact, MAGIC and FNCLCC-FFCD RCTs have shown a survival advantage
of NAC + surgery vs surgery alone, but surgery performed in these patients
did not include a proper extended lymphadenectomy in the majority of cases,
and many patients had lower esophageal or cardia cancer instead of only GC.
Therefore, it is possible that a proper radical surgery (gastrectomy with D2 LN
dissection) may nullify the survival benefit of NAC described after incomplete
surgery and also that the location of the tumor outside the stomach (cardia and
lower esophagus), may amplify the response to preoperative treatment.
To document a possible benefit of NAC after adequate D2 gastrectomy for
only stomach cancer, we proceeded to review the literature on neoadjuvant
treatment for resectable gastric cancer by mainly investigating these variables.

these locations represented a consistent part of the study population of the
main RCTs actually claimed to be the basis for NAC treatment in gastric cancer.
At the end of the process, only RCTs were included in this review. As we wanted
to include all RCTS available in Literature at the moment, any chemotherapy
regimen performed before resective surgery with or without postoperative
adjuvant treatment was included and located in the NAC-arm as well as in
the surgery alone-arm (SA-arm) we enrolled all types of gastrectomy and
lymphadenectomy that were performed (D0, D1, D1plus, D2, D3). The quality
of the included RCTs was assessed usin nodified JADAD’s scoring system and
Cochrane reviewers’ andbook 5.0.1 RCT criteria.

Research results

The currently available data support the adoption of NAC procedures in several
national guidelines based on low-volume study populations with mixed sites
of the primary disease (lower esophagus, esophago-gastric junction and
stomach). Statistical tests have often shown evidence of the heterogeneity
of chemotherapy effects according to the site of the primary tumor. In fact, in
both Magic and FNCLCC-FFCD trials, tests for heterogeneity showed that
perioperative chemotherapy effects were much more evident for esophagogastric junction cancer and much less for stomach cancer.
Furthermore, in both these RCTs supporting the adoption of NAC, surgery
provided to patients was incomplete because extended nodal dissection was
performed in less than 50% of patients or not described, and no results on the
LN yield were documented to warrant its adequacy. The only well-designed
RCT with extended surgery performed in almost all cases was prematurely
ended for poor accrual, but at the moment of its closure, it failed to demonstrate
a survival benefit for NAC.
Moreover, in national reference centers for gastric cancer care and research,
OS and DSS rates of subsites of patients theoretically fit for NAC submitted to
surgery alone with complete D2 dissection and performed for cancers located
in the stomach only, are even higher than those reported after NAC followed
by incomplete surgery provided to a patient population with mixed sites of the
primary tumor.

Research motivation

Neoadjuvant (pre- or peri-operative) chemotherapy has been recently
introduced in the national guidelines of many countries mainly after publication
of MRC and French RCTs, without a clear and evidence-based medicine
(EBM)-related demonstration of a survival benefit compared to controlled
surgery with proper enlarged LN dissection in patients with only stomach
tumors. The advantage reported after NAC seems mostly related to incomplete
nodal dissection performed in both arms of these trials and to heterogeneous
recruitment of lower esophagus and esophago-gastric junction cancer together
with proper stomach cancer. Are there any trials among RCTs available in
Literature investigating the effect of NAC over an homogeneous population
of patients with only-stomach cancer treated with complete D2 lymph node
dissection in both arms? Otherwise we could not exclude that: 1) a proper
radical surgery (gastrectomy with D2 LN dissection) may nullify the survival
benefit of NAC described after incomplete surgery and 2) the location of the
tumor outside the stomach (esophago-gastric junction and lower esophagus)
may amplify the response to preoperative treatment. In other words, NAC
could be unuseful in proper gastric cancer submitted to curative complete D2
dissection.

Research conclusions

This study documented that the adoption of NAC procedures in several national
guidelines is actually based on low-volume study populations with mixed
sites of the primary disease (lower esophagus, esophago-gastric junction
and stomach) and with inadequate surgery as concern the extent of nodal
dissection (incomplete D2 dissection). In fact, statistical tests reported in these
trials have shown evidence of the heterogeneity of chemotherapy effects
according to the site of the primary tumor, documented a major effect mainly
over esophagogastric junction cancer. Moreover, survival rates reported in
Surgery-Alone arm by main RCTs claimed to be fundamental for supporting
the adoption of NAC ( MRC and French trials) are really too low as compared
to rates documented in reference centers study population after proper D2
gastrectomy without preoperative chemotherapy. Effectively, in these surgical
series coming from high volume referral centres, survival rates after extended
surgery without NAC are even higher than those reported after NAC followed
by incomplete surgery.
Our hypothesis is that, with current data available it ‘s not possible to exclude
that: (1) the location of the tumor outside the stomach (esophago-gastric
junction and lower esophagus) may amplify the response to preoperative
treatment. (2) a proper radical surgery (gastrectomy with D2 LN dissection) may
nullify the survival benefit of NAC described after incomplete surgery. (3) On
the contrary, NAC effect on survival is more likely to be evident after incomplete
surgery. In other words, NAC could be unuseful in cancer of the only stomach
submitted to curative complete D2 dissection.

Research objectives

The main objective was to investigate whether a possible survival benefit
(OS and/or DSS and/or DFS) of NAC after adequate D2 gastrectomy for only
stomach cancer was documented in all RCTS available in Literature till now.
Secondary outcomes included the perioperative response rates, the R0 (margin
negative) resection rate, and OS or DFS or DSS according to the type of lymph
node dissection performed (D1, D2, others) after neoadjuvant treatment. We
realized that no RCTs available till now could document a survival benefit of
NAC over surgery alone for homogeneous population of patients with tumor of
the only stomach treated with complete D2 gastrectomy and that a further large
volume randomized trial is needed.

Research methods

We proceeded to conduct a complete review of the literature with the support
of the Federate Library of Medicine of Turin. The body of evidence for this
review was primarily comprised of mature randomized controlled trial (RCT)
data. All published randomized trials comparing NAC-containing procedures vs
no treatment before surgery in patients with gastric cancer (or gastric cancer
+ cardia cancer + lower-esophagus cancer) were included in our analysis.
Blinding the trial conditions was not necessary. There was no language
restriction. Esophagogastric junction and lower esophageal cancer patients
were considered only if they were enrolled together with proper gastric cancer
patients in the same study. The reason for considering also esophago-gastric
junction and lower esophageal cancers in the recruitment process was that

WJG|www.wjgnet.com

Research perspectives

We think additional high volume sample-size multicenter (and eventually
multinational) RCTs comparing newer treatment regimens of neoadjuvant
settings (capecitabine, oxaliplatin, docetaxel) combined with molecular therapies
(epidermal growth factor receptor inhibitors or antiangiogenic agents) followed
by controlled D2 surgery with controlled D2 surgery alone are necessary
to investigate the survival effects of modern preoperative chemotherapy in
patients with gastric cancer only who receive proper extended surgery. This is
the ony way to investigate if neoadjuvant therapy can positively impact survival
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also in homogeneous population of gastric cancer patients without any biases
related to location of the tumor and adequacy of surgery administered.
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Abstract
A 64-year-old woman was referred to our hospital with
jaundice of the bulbar conjunctiva and general fatigue.
After admission, she developed hepatic encephalopathy
and was diagnosed with fulminant hepatitis based
on the American Association for the Study of Liver
Disease (AASLD) position paper. Afterwards, additional
laboratory findings revealed that serum ceruloplasmin
levels were reduced, urinary copper levels were greatly
elevated and Wilson’s disease (WD)-specific routine
tests were positive, but the Kayser-Fleischer ring was
not clear. Based on the AASLD practice guidelines
for the diagnosis and treatment of WD, the patient
was ultimately diagnosed with fulminant WD. Then,
administration of penicillamine and zinc acetate was
initiated; however, the patient unfortunately died from
th
acute pneumonia on the 28 day of hospitalization.
At autopsy, the liver did not show a bridging pattern
of fibrosis suggestive of chronic liver injury. Here, we
present the case of a patient with clinically diagnosed
late-onset fulminant WD without cirrhosis, who had
positive disease-specific routine tests.
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hospital with hepatopathy. After admission, she
developed hepatic encephalopathy. Laboratory findings
revealed that serum ceruloplasmin levels were reduced,
serum and urinary copper levels were greatly elevated
and Wilson’s disease (WD)-specific routine tests were
positive. She was diagnosed with fulminant WD based
on the American Association for the Study of Liver
Disease practice guidelines. At autopsy, the liver did
not show a bridging pattern of fibrosis suggestive of
chronic liver injury. Here, we present the first case of
a patient with clinically diagnosed late-onset fulminant
WD without cirrhosis.

CASE REPORT
A 64-year-old woman became conscious of bulbar
conjunctiva 2 d prior to admission. Afterwards, she
was referred to our hospital with a low-grade fever and
hepatopathy, complaining of jaundice of the bulbar
conjunctiva and general fatigue, and she received
emergency hospitalization. She had no medical history
of drinking, consanguineous marriage, or oral use of
dietary supplements, and her body mass index was 24.
Regarding her family, her elder sister died from hepatic
failure of unknown causes in her thirties. A physical
examination showed normal abdominal findings and
consciousness level, but her laboratory studies revealed
abnormal liver function, including an elevated serum
total bilirubin (T-Bil) level of 33.9 mg/dL [upper limit of
normal (ULN): 1.2 mg/dL], direct bilirubin level of 25.5
mg/dL (ULN: 0.3 mg/dL) with an elevated ammonia
(NH3) level of 143 μg/dL (ULN: 66 μg/dL), reduced
serum prothrombin time of 19% (lower limit of normal:
70%) and anemia (hemoglobin, 6.1 g/dL) (Table 1).
Contrast computerized tomography (CT) showed
hepato-splenomegaly without mass lesion and dilatation
of the hepatic duct in the liver (Figure 1). Based on
these findings, she was diagnosed with acute hepatic
failure on admission.
After hospitalization, she was treated with trans
fusion of 6 fresh frozen plasma units. Her plasma was
exchanged with 32 fresh frozen plasma units for 3 d
under continuous hemofiltration because of anuria after
2 d in the hospital; however, her liver function did not
recover. Furthermore, both hemoglobin and platelet
levels gradually decreased with higher reticulocyte
[175‰ (ULN: 20%)] and low levels of haptoglobin
(below the scale, < 10 mg/dL), but both direct and
indirect Coombs tests were negative. Based on these
laboratory findings, we first diagnosed Coombs-negative
hemolytic anemia with hepatic failure of unknown
cause. Additional specific laboratory findings associated
with acute hepatic failure did not suggest related
causes, such as viral hepatitis, autoimmune hepatitis or
primary biliary cirrhosis (Table 1). Then, we attempted
to perform a liver biopsy but were unsuccessful because
of the progression of liver failure.
On day 4 of hospitalization, the patient progressed
to a precoma stage with flapping tremor and con
fusion. On neurological examination, she fell into
hepatic encephalopathy with greatly elevated NH3
levels (168 μg/dL). According to the 2014 American
Association for the Study of Liver Disease (AASLD)
and European Association for study of the liver
[8]
(EASL) guidelines , her hepatic encephalopathy was
characterized as type A, overt, grade Ⅱ , episodic,
and precipitated. On day 5 of hospitalization, we
performed bone marrow examination, which showed
hemophagocytosis in the bone marrow and diagnosed
the cause of pancytopenia. The Histiocyte Society
HLH-2004 diagnostic criteria (available at http://www.
histiocytesociety.org/) were fulfilled (Figure 2). Based

Amano T, Matsubara T, Nishida T, Shimakoshi H, Shimoda
A, Sugimoto A, Takahashi K, Mukai K, Yamamoto M,
Hayashi S, Nakajima S, Fukui K, Inada M. Clinically
diagnosed late-onset fulminant Wilson’s disease without
cirrhosis: A case report. World J Gastroenterol 2018;
24(2): 290-296 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i2/290.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i2.290

INTRODUCTION
Wilson’s disease (WD) was initially described by Kinnier
Wilson in 1912 as a congenital copper metabolism
disorder disease with autosomal recessive inheritance
and obstructed copper metabolic pathways from
[1]
hepatocytes to bile . The gene responsible for WD
[2]
is ATP7B on chromosome 13q14 . Additionally, it
has been reported that WD is an infrequent cause
of chronic liver disease, with an estimated incidence
of 1 per 30000, and its heterozygote rates are
[3]
approximately 1 in 90 people worldwide . There
are two types of WD-induced hepatic failure: acute
onset type, in which patients often develop fulminant
hepatitis; and chronic type, which gradually progresses
to cirrhosis. Furthermore, WD is identified in less than
5% of acute hepatic failure patients worldwide and is
[4,5]
particularly dominant in young females .
Kidneys of patients with fulminant WD may be
protected from copper-mediated tubular damage
until transplantation by performing plasmapheresis,
hemofiltration and exchange transfusion, hemofiltration
or dialysis. Nevertheless, this disease is fatal without
urgent liver transplantation. However, early diagnosis is
difficult because of a lack of disease-specific symptoms,
[4,6]
such as a Kayser-Fleischer ring or neuro-symptoms ;
however, there is typically histological evidence involving
[7]
copper deposition and bridging fibrosis or cirrhosis .
A few reports of patients with late-onset fulminant
WD in the elderly population exist; this population
usually develops fulminant hepatitis from chronic liver
disease or cirrhosis. Here, we report a patient with
clinically diagnosed late-onset fulminant WD without
cirrhosis, who had positive disease-specific routine
tests.
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Table 1 Laboratory data on admission
Biochemical data
WBC, /μL
RBC, ×104/μL
Hb, g/dL
Platelets, ×104/μL
MCV, fL
MCH, pg
MCHC, g/dL
PT, %
PT-INR
D-dimer, μg/mL
AST, U/L
ALT, U/L
LDH, U/L
ALP, U/L
γGTP, U/L
Alb, g/dL
T-Bil, mg/dL
D-Bil, mg/dL
BUN, mg/dL
Cr, mg/dL
UA, mg/dL
Na, mEq/L
K, mEq/L
T-CHO, mg/dL
CRP, mg/dL
NH3, μg/dL
Immunological and other data
Fe, μg/dL
Ferritin, ng/mL

Fe, μg/dL
ferritin, ng/mL
IgG, mg/dL
IgM, mg/dL
IgA, mg/dL
ANA
AMA-M2, index
sIL2-R, U/mL
Direct Coombs
Indirect Coombs
Vitamin B12, pg/mL
Folic acid, ng/mL
Erythropoietin, IU/mL
Reticulocytes, %
Viral markers
HBsAg, IU/mL
HBeAg, S/CO
HBeAb, %
HBcAb, S/CO
HBsAb, mIU/mL
HCVAb, S/CO
CMV-IgM
CMV-IgG
EBV-IgM
EBV-IgA
EBV-IgG
HAVAb-IgM, S/CO
HAVAb
HSV-CF

26200
163
6.1
20.2
122.7
37.4
30.5
19
2.43
1.8
164
15
609
26
371
2.3
33.99
25.51
36
0.75
2.2
133
4.6
83
2.62
138
130
7817

130
7817
1678
86
505
< 40
2
1130
> 1500
4
367
175
0.02
< 0.5
< 35
0.23
0
0.1
0.58
> 128
< 10
< 10
80
< 0.5
< 0.4
<4

ULN of AST: 10-31 U/L; ULN of ALT: 4-31 U/L; ULN of ALP: 98-328 U/L; ULN of γGTP: 8-45 U/L. Alb: Albumin; ALP: Alkaline phosphatase; ALT:
Alanine aminotransferase; ANA: Antinuclear antibody; AST: Aspartate aminotransferase; BUN: Blood urea nitrogen; CMV: Cytomegalovirus; Cr:
Creatinine; CRP: C-reactive protein; D-Bil: Direct bilirubin; EBV: Epstein-Barr virus; Fe: Iron; γGTP: Gamma-glutamyl transpeptidase; HAVAb: Hepatitis A
virus antibody; Hb: Hemoglobin; HBcAb: Hepatitis B core antibody; HBeAg/Ab: Hepatitis B envelope antigen/antibody; HBsAg/Ab: Hepatitis B surface
antigen/antibody; HCVAb: Hepatitis C virus antibody; HSV-CF: Herpes simplex virus-complement fixation; IgG/IgA/IgM: Immunoglobulin G/A/M; K:
Potassium; LDH: Lactate dehydrogenase; Na: sodium; NH3: Ammonia; PT: Prothrombin time; RBC: Red blood cell; sIL2-R: Soluble interleukin 2-receptor;
T-Bil: Total bilirubin; T-CHO: Total cholesterol; UA: Uric acid; ULN: Upper limit of normal; WBC: White blood cell.

A

B

Figure 1 Contrast computerized tomography before the treatment. A: CT revealed hepatomegaly with no mass or dilatation of the intrahepatic duct in the liver; B:
CT revealed splenomegaly. CT: Computerized tomography.
[9]

on the AASLD position paper , we diagnosed acute
hepatic failure as fulminant hepatitis with unidentified
hemophagocytic syndrome.
Figure 3 shows the time course of T-Bil, alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), prothrombin time, hemoglobin, NH 3 and
platelets. Then, we performed steroid pulse therapy

WJG|www.wjgnet.com

(methylprednisolone of 1 g/d, intravenously) for 3 d,
followed by oral methylprednisolone (0.6 mg/kg).
Then, steroids were tapered to 5 mg weekly. After
steroid therapy, it was found that serum ceruloplasmin
levels declined to 16.7 mg/dL and urinary copper levels
were greatly elevated, up to 17900 μg/dL (895 μg/d);
however, serum copper levels did not increase (105 μg/dL)
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Most cases of WD develop in persons less than
40-years-old, and late-onset fulminant WD is quite
rare. Some cases of patients who developed WD at
over 40 years of age have been reported; however, the
[10,11]
[10]
diagnosis of WD varied
. Ferenci et al
suggested
that more attention is paid to the identification of older
patients with WD. Almost all patients with fulminant WD
died rapidly, without urgent liver transplantation over
time; therefore, early diagnosis is necessary. However,
the diagnosis of WD is quite difficult because clinical
features of WD-like hepatic failure or neuropsychiatric
disturbances vary widely and the clinical condition varies
[2]
from asymptomatic states to fulminant hepatic failure .
If all available tests without genetic tests are applied,
20% of the cases in patients over 40 years old were
[10,11]
missed
. There were several reasons why elderly
WD subjects were overlooked due to diagnostic criteria
limitations based on clinical symptoms and laboratory
[10]
findings. Ferenci et al
also demonstrated that WD
should be considered in patients presenting unidentified
hepatic or neurologic disease. Increased awareness
of WD and the use of a recently proposed diagnostic
algorithm could lead to greater detection in elderly
patients.
Recently, predictive markers for the diagnosis of
WD-induced acute hepatic failure have been reported:
reduced hemoglobin (< 10 g/dL), elevated serum
copper levels (> 200 μg/dL), decreased ratios of alkaline
phosphatase (ALP) to T-Bil (< 4) and elevated ratios of
AST to ALT (> 2.2). The sensitivity/specificity of reduced
hemoglobin and elevated serum copper levels was
94%/74% and 75%/96%, respectively. Additionally,
the sensitivity/specificity of ALP to T-Bil ratio and AST to
ALT ratio
was 94%/96% and 94%/86%,
respectively. Consequently, the combination of ALP to
T-Bil ratio and AST to ALT ratio provided a diagnostic
[4]
sensitivity and specificity of 100% . In the present
case, serum copper and hemoglobin on admission were
105 μg/dL and 6.1 g/dL, respectively. Unfortunately, we
had a difficult time with early diagnosis, but diseasespecific routine tests were positive in this case; the
ratio of ALP to T-Bil was 1.3 and that of AST to ALT was
10.9. Screening for a diagnosis of WD in the setting of
acute hepatic failure with ceruloplasmin measurements
is generally unreliable. Disease-specific routine tests
were useful to accurately distinguish WD patients with
acute liver failure and were an acceptable and rapidly
available alternative.
According to the AASLD practice guidelines on the
diagnosis and treatment of WD, classical diagnosis of
WD includes recognition of corneal Kayser-Fleischer
rings, identification of reduced concentrations of serum
ceruloplasmin (< 20 mg/dL), and increased 24-h urine
copper (> 40 μg/d), in addition to quantitative copper
levels in percutaneous liver biopsy specimens (> 250
μg/g dry weight). In the present case, concentrations
of serum ceruloplasmin and 24-h urine copper were
16.7 mg/dL and 895 μg/d, respectively. Although
low serum levels of ceruloplasmin and high levels

Figure 2 Bone marrow examination revealed macrophages phagocytizing
blood cells.

and the Kayser-Fleischer ring was not clear. Based on
[7]
[3]
the AASLD and EASL clinical practice guidelines for
the diagnosis and treatment of WD, the patient met
the diagnostic criteria for WD. From these findings, she
was finally diagnosed fulminant WD.
Then, administration of penicillamine (900 mg/d)
and zinc acetate (150 mg/d) was started from a gastric
tube on day 9 of hospitalization. Additionally, we
considered liver transplantation; however, the patient
died from hepatic failure with acute pneumonia on
day 28 of hospitalization. We obtained approval from
her family and then performed pathological anatomy.
The liver (weight of 1580 g) was bile stained and soft
(Figure 4A). The capsule was wrinkled. Microscopically,
the liver showed massive necrosis and collapse of the
intervening parenchyma (Figure 4B, C). Rhodanine
staining unclearly depicted copper deposition in the
scattered residual hepatocytes because of massive
necrosis and collapse of the intervening parenchyma
(not shown), and a bridging pattern of fibrosis su
ggestive of chronic liver injury was not found (Figure
4D, E). Histopathological examinations confirmed
the diagnosis of fulminant hepatitis. Additionally, we
obtained approval from her son and examined ATP7B
on chromosome 13, but no genetic defect associated
with WD was found. In summary, we here report a
patient with sporadic, late-onset fulminant WD without
cirrhosis.

DISCUSSION
WD is an autosomal recessive inherited disease with
copper metabolism disorder in the liver that results
in excessive copper deposition in many organs and
tissues. Generally, WD is recognized as a slow,
progressive chronic disease with young-onset in
children or young adults, but age at onset of WD
is widely variable. The presenting feature of WD is
hepatic dysfunction, which is shown in more than half
of patients. It develops as acute hepatitis involving
three major patterns: (1) chronic active hepatitis;
(2) cirrhosis, which is the most common initial
presentation; and (3) fulminant hepatitis.
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Plasma exchange Steroid pulse
CHDF
RBC (units) 6
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6
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Figure 3 Time courses of laboratory data and treatment. ALT (U/L): Alanine aminotransferase; AST (U/L): Aspartate aminotransferase; CHDF: Continuous
hemodiafiltration; FFP: Fresh frozen plasma; Hb (g/dL): Hemoglobin; mPSL: Methylprednisolone; NH3 (µg/dL): Ammonia; PT (%): Prothrombin time; Plt (×104/µL):
Platelet; RBC: Red blood cell; T-Bil (mg/dL): Total bilirubin; UDCA: Ursodeoxycholic acid.

A

B

D

E

C

Figure 4 Pathological findings in the liver. A: The liver (1580 g) was bile stained and soft; B: Low power field: The capsule was wrinkled in HE staining; C: High
power field: Microscopically, the liver showed massive necrosis and collapse of the intervening parenchyma in HE staining; D: Low power field in AZAN staining; E:
High power field in AZAN staining: Bridging pattern of fibrosis suggestive of chronic liver injury was not found. HE: Hematoxylin-eosin.

of cupriuria may be observed in acute liver failure
due to other causes, we ruled out other acute liver
injuries, such as viral infection, autoimmune and druginduced hepatic damage, despite the possibility of
other unknown hepatitis. In addition, all of the above
predictive markers (reduced hemoglobin, elevated
serum copper levels, decreased ratios of ALP to T-Bil
and elevated ratios of AST to ALT) met the criteria for
diagnosis of WD-induced acute hepatic failure. Hence,

WJG|www.wjgnet.com

we reached a diagnosis of acute liver failure due to
WD. We believe that WD-induced acute hepatic failure
first developed, and then hemophagocytosis followed,
which allowed hepatic failure to rapidly deteriorate
without developing cirrhosis.
There are, however, limitations to our report of WD
diagnosis. First, it was difficult to retrospectively weigh
the precise copper levels in the liver because all liver
tissues were fixed in formalin. Then, we evaluated
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Treatment

copper deposition in the liver using rhodanine staining.
We, however, believe that copper deposition was difficult
to examine with rhodanine staining in the scattered
residual hepatocytes because of massive necrosis and
collapse of the intervening parenchyma. Some reports
have suggested that immunohistochemistry staining is
[12,13]
inadequate for examining copper deposition
.
Liver biopsy is a useful method to confirm WD
diagnosis and almost all patients with WD-induced
acute hepatic failure have advanced fibrosis. However,
no presence of bridging fibrosis and cirrhosis in the
liver was found during autopsy in the present case.
According to the AASLD and EASL clinical practice
guidelines on the diagnosis and treatment of WD, the
patient ultimately met the diagnostic criteria, which are
accurate in approximately 85% of cases with clinical
symptoms and laboratory findings. In addition, genetic
testing is necessary to diagnose WD. Unfortunately,
gene testing was not performed on the patient due
to her rapid clinical course, but her son was negative
for the ATP7B gene by DNA analysis. However, it was
reported that 13% of patients with WD did not have
[9]
a mutation and 28.8% showed only one mutation .
Based on these reports and her clinical course, we
diagnosed the patient with late-onset fulminant WD. To
the best of our knowledge, the present case is the first
report of a patient diagnosed with late-onset fulminant
WD without cirrhosis, who had positive disease-specific
routine tests.

Administration penicillamine and zinc acetate were started.

Related reports

Regarding predictive markers for the diagnosis of Wilson’s disease-induced
acute hepatic failure, the sensitivity/specificity of reduced hemoglobin, elevated
serum copper levels, ALP to T-Bil ratio, AST to ALT ratio and the combination of
ALP to T-Bil ratio were 94%/74%, 75%/96%, 94%/96%, 94%/86% and 100%,
respectively.

Term explanation

To the best of our knowledge, the present case is the first report of a patient
diagnosed with late-onset fulminant WD without cirrhosis who had positive
disease-specific routine tests.

Experiences and lessons

Generally, WD is recognized as a slow, progressive chronic disease with youngonset in children or young adults, but this case reports a patient with sporadic,
late-onset fulminant WD without cirrhosis. In addition, predictive markers
(reduced hemoglobin, elevated serum copper levels, decreased ratios of ALP to
T-Bil and elevated ratios of AST to ALT) were useful in the diagnosis of WD.
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Mass forming chronic pancreatitis is very rare.
Diagnosis could be done by the pathologic findings
of focal inflammatory fibrosis without evidence of
tumor in pancreas. A 34-year-old man presented
with right upper abdominal pain for a few weeks and
slightly elevated bilirubin level on clinical findings.
Radiological findings of multidetector-row computed
tomography, magnetic resonance (MR) imaging
with MR cholangiopancreatography and endoscopic
ultrasonography revealed focal branch pancreatic duct
dilatation with surrounding delayed enhancing solid
component at uncinate process and head of pancreas,
suggesting branch duct type intraductal papillary
mucinous neoplasm. Surgery was done and pathology
revealed the focal chronic inflammation, fibrosis, and
branch duct dilatation. Herein, I would like to report the
first case report of mass forming chronic pancreatitis
mimicking pancreatic cystic neoplasm.
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duct dilation in head and uncinate process causing
extrinsic indentation and tapering of distal CBD, and mild
dilatation of proximal CBD and gallbladder (Figure 2A).
Fat-saturated T2-weighted MR image showed a slight
high signal intensity solid component surrounding bright
signal intensity branch duct dilatation in pancreatic
uncinate process and head, with the lesion sized about
2.6 cm × 2.2 cm (Figure 1B). Fat-suppressed T1weighted MR image showed a well-demarcated low
signal intensity lesion in head and uncinate process of
pancreas (Figure 2C), and delayed contrast-enhancing
solid component surrounding low signal intensity branchduct dilation in pancreatic uncinate process and head
was shown on fat-suppressed T1-weighted dynamic
gadolinium-enhanced MR images (Figure 2D and E).
Diffusion-weighted MR images showed higher signal
2
intensity on low b factor (b = 20 s/m ) image and low
2
signal intensity on high b factor (b = 800 s/m ) image,
suggesting no diffusion restriction on apparent diffusion
coefficient map (Figure 2H), which reflecting the large
area of cystic component of the lesion. Endoscopic
ultrasonography (EUS) showed pruning pattern,
anechoic branch duct dilatation containing a few small
hyperechoic mural nodules (Figure 3A and B).
The lesion located in uncinate process and head of
pancreas with indenting distal CBD and dilatation of
proximal CBD, without dilatation of main pancreatic duct
due to anatomic variation of pancreatic divisum which
was detected on MR image (Figure 2B). Radiological
diagnostic impression was branch duct type intraductal
papillary mucinous neoplasm (IPMN) of pancreas.
However, some worrisome features of delayed contrastenhancing solid component around the wall of dilated
branch duct on CT and MR images and small mural
nodules in dilated branch ducts on EUS were shown.
EUS guided fine needle aspiration (FNA) cytology was
obtained from the solid component along the wall of
dilated duct and suggested the possibility of intraductalgrowing epithelial neoplasm.
The patient underwent pylorus-preserving pan
creaticoduodenectomy, due to considering FNA finding,
imaging findings of CT, MRI, and EUS and aggravated
right upper abdominal pain and persistent mild elevation
of bilirubin and gamma-glutamyl transferase levels
without response to conservative medical treatment for
four weeks. The gross pathology of resected specimen
showed whitish hard infiltrating lesion in pancreatic
uncinate process and head portion (Figure 4A). The
histopathologic report revealed periductal inflammation
with fibrosis and mild dilatation of branch pancreatic
ducts and intralobular fibrosis, consistent with chronic
pancreatitis (Figure 4B).

INTRODUCTION
Chronic pancreatitis represents a recurrent, prolonged
inflammatory process and progressive fibrosis of the
pancreas. These results in irreversible morphologic
change of the pancreas, clinical symptoms of abdominal
pain, and insufficiency of exocrine and endocrine
[1-3]
function . On computed tomography (CT) and ma
gnetic resonance (MR) image, dilatation of the main
pancreatic duct, parenchymal atrophy, pancreatic ca
lciﬁcation or stone, focal pancreatic enlargement or
inflammatory pancreatic mass, bile duct dilatation,
attenuation change of peripancreatic fat and ﬂuid colle
[4-6]
ction are frequent ﬁndings .
Inflammatory mass in chronic pancreatitis retain a
[7-9]
large degree of fibrosis like pancreatic carcinoma ,
and both lesions are shown as a gradual progressive
enhancement on contrast-enhanced CT and dynamic
MR imaging, making the discrimination of the two
[5,6,10]
entities difficult
.
In the case of mass forming chronic pancreatitis,
diagnosis of inflammatory pancreatic mass could be
almost impossible if associated radiological findings of
chronic pancreatitis is not shown.
This paper presents a very unique case of mass
forming chronic pancreatitis mimicking pancreatic
cystic neoplasm.

CASE REPORT
A 34-year-old man complained for right upper abdominal
pain for a few days. His laboratory findings including
white blood cell count, C-reactive protein, alkaline
phosphatase, liver enzyme level and tumor markers
of carbohydrate antigen 19-9 and carcinoembryonic
antigen were within normal range except slight elevation
of total bilirubin (1.3 mg/dL, normal range of 0.2-1.2),
gamma-glutamyl transferase (108 IU/L, normal range
of 8-60) and lipase (90 U/L, normal range of 30-60).
The patient had past medical history of admission due
to acute alcoholic pancreatitis 13 years ago and social
history of daily alcohol consumption for 15 years and
having smoked 20 pack years.
Unenhanced abdomen CT image showed slight low
attenuating lesion involving pancreatic uncinate process
and head (Figure 1A). Contrast-enhanced abdominal
CT images showed a delayed enhancing solid portion
surrounding a few tubular cystic attenuating lesion
sized about 2.5 cm × 2.1 cm in pancreatic uncinate
process and head, and mild dilatation of common bile
duct (CBD) and gallbladder (Figure 1B and C). MR
cholangiopancreatography showed branch pancreatic
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DISCUSSION
Chronic pancreatitis is defined as inflammatory and
fibrotic disease of pancreatic tissue, characterized
by irreversible functional and morphologic change.
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A

B

C

Figure 1 Findings from computed tomography. A: Unenhanced computed tomography (CT) image shows a slight low attenuating lesion (arrow) in pancreatic
uncinated process and head and dilatation of gallbladder; B: Contrast-enhanced arterial phase CT image shows minimal enhancing low attenuating lesion (long arrow)
surrounding a few tubular low cystic attenuating structures (short arrow), and homogenous highly enhancing normal pancreas (arrowhead); C: Contrast-enhanced
portal venous phase CT image shows delayed enhancing lesion (long arrow) containing a few tubular cystic structures (short arrow).

A

B

E

F

C

b = 20

G

D

b = 800

H
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Figure 2 Findings from magnetic resonance image. A: Magnetic resonance (MR) cholangiopancreatography shows localized branch pancreatic duct dilatation (short
arrow) in head of pancreas with tapering of distal common bile duct and dilatation of proximal common duct (long arrow); B: T2-weighted MR image shows slight high
signal intensity lesion (long arrow) containing bright intensity branch duct dilatation (short arrow) in head and uncinate process of pancreas, and incidental finding
of pancreatic divisum (arrowhead); C: Fat-suppressed T1-weighted MR image shows a well-demarcated low signal intensity lesion (long arrow) in uncinate process
and head of pancreas; D-E: Fat-suppressed T1-weighted gadolinium-enhanced arterial- (D) and delayed-phase (E) MR images show delayed highly enhancing solid
mass-like lesion (long arrows) containing non-enhancing dark intensity branch duct dilatation (short arrows) in pancreatic head; F: The higher signal intensity lesion
(arrow) on diffusion-weighted image obtained with b = 20 s/m2 shows as low signal intensity (arrow) on diffusion-weighted image obtained with b = 800 s/m2 and as
higher (arrow) apparent diffusion coefficient (ADC) without diffusion restriction.

Alcohol abuse is the most common (70%-80%) cause
[1,2,3,7]
of chronic pancreatitis in the developed countries
.
In addition, smoking, gene mutations, autoimmune
syndromes, metabolic disturbances, environmental
conditions and anatomical abnormalities are suggested
as other associated factors with occurrence of the
[3,11,12]
disease
.
The pathology of advanced alcoholic chronic pan
creatitis revealed a firm consistency of pancreas with
[13]
an irregular contour without the normal lobulation .
The fibrosis may diffusely affect the entire gland, but
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occasionally it is unevenly distributed, with preserved
normal lobular pattern in some areas. The severity
of the duct changes depends on the extent of the
surrounding fibrosis. Thus, the main duct may be focally
or diffusely involved with obstruction, irregular dilatation
[14,15]
and distortion
. Fibrosis in the pancreas head may
[16]
cause a tapering stenosis of CBD .
In this case, initial clinical symptom of right upper
abdominal pain was developed due to dilatation of
gallbladder by stenosis of distal CBD, and the causative
lesion of CBD obstruction was a focal mass lesion,
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A

CBD

B

Figure 3 Findings from endoscopic ultrasound. A: EUS shows a few anechoic tubular structures (arrows), causing indentation of distal CBD and dilatation of
proximal bile duct; B: EUS shows small hyperechoic mural nodules (arrows) in the dilated branch pancreatic ducts. EUS: Endoscopic ultrasound; CBD: Common bile
duct.

A

B
*

Figure 4 Macroscopic and microscopic findings of resected specimen. A: Gross specimen shows whitish hard infiltrating mass-like lesion (arrows) focally
replaced head and uncinate process of pancreas; B: Microscopy (hematoxylin and eosin, x 40) shows perilobular and intralobular fibrosis (asterisk) replaces normal
pancreatic acini with focal perivascular lymphocyte infiltration (short arrow) and dilated branch ducts (long arrows).

CT in spectral imaging mode, 18F fluorodeoxyglucose
positron emission tomography/CT combined with
carbohydrate antigen 19-9, and quantitative endoscopic
ultrasound elastography, but still it is very difficult to
[5,10,20-24]
distinguish accurately between the two
. MRI is
much better than CT for detection and characterization
of focal pancreatic lesion, but it could not differentiate
mass forming chronic pancreatitis from pancreatic
carcinoma, even using diffusion-weighted functional
[5,10,25,26]
MR imaging technique
. In addition, none of the
above mentioned papers included a case of a solid mass
containing cystic lesion like this in their research of
differentiation between mass forming pancreatitis and
pancreatic carcinoma.
Among the papers on relationship between main
pancreatic duct (MPD) and the mass, the “duct-penetrating”
sign of MPD on MR cholangiopancreatography was
reported to be helpful with relatively high sensitivity and
specificity, and the result was smoothly stenotic or normal
MPD penetrating a mass was seen more frequently
in inflammatory pancreatic mass than in pancreatic
[27]
carcinoma . However, in this peculiar case, inflammatory
mass possessed dilated branch pancreatic duct without
stenosis.
In this very unique case, it could be comprehended

including branch duct dilatation with surrounding solid
component in uncinate process and head of pancreas,
detected on CT, MRI and EUS findings. The diagnostic
impression based on radiological imaging findings
was branch duct type IPMN most likely and serous
cystadenoma as a possible differential diagnosis.
In thinking of branch duct type IPMN, analyses of
imaging findings included the “worrisome features” of
contrast-enhancing ductal margin on CT and MRI and
[17-19]
mural nodules in dilated duct on EUS
. In addition,
FNA suggested intraductal-growing epithelial neoplasm
though scant cellularity. Surgery was the best choice
at that time, considering aggravated clinical symptom,
radiological findings, opinion of FNA, and patient’s
young age. However, final pathologic result revealed
interlobular and intralobular inflammation and fibrosis
associated with branch duct dilatation, compatible with
chronic pancreatitis. It was a totally unexpected one,
even though considering patient’s past medical history
of severe alcoholic pancreatitis and social history of
frequent alcohol consumption and heavy smoking.
There have been many reports for the differentiation
mass forming chronic pancreatitis from pancreatic
adenocarcinoma such as dynamic enhancement of CT
and MR imaging, Perfusion CT imaging, duel energy
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uneven fibrosis and inflammation developed in localized
area of uncinate process and head of pancreas, focal
severe perilobular and interlobular fibrosis caused
stricture and dilatation of branch pancreatic duct in
uncinate process, and the these outbreaks led to very
distinctive and peculiar radiological features of mass
forming chronic pancreatitis and clinical symptoms of
bile duct obstruction.
There has been no literature about focal fibrotic
mass forming chronic pancreatitis containing branch
duct dilatation, and incidentally this lesion showed
almost typical imaging findings of pancreatic cystic
neoplasm.

Surgery, Dankook University Hospital) and Won-Ae
Lee (Department of Pathology, Dankook University
Hospital) for their comments and discussions about
the case.
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Abstract
Primary benign schwannoma of the mesentery is ex
tremely rare. To date, only 9 cases have been reported
in the English literature, while mesenteric schwannoma
with ossified degeneration has not been reported thus
far. In the present study, we present the first giant
ossified benign mesenteric schwannoma in a 58-year-
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old female. Ultrasound, computed tomography and
magnetic resonance imaging were used, but it was still
difficult to determine the definitive location and diagnose
the mass. By laparotomy, a 10.0 cm × 9.0 cm × 9.0
cm giant mass was found in the mesentery and was
then completely resected. Microscopically, the tumour
located in the mesentery mainly consisted of spindleshaped cells with a palisading arrangement. Some areas
of the tumour were ossified, and a true metaplastic
bone formation was observed, with the presence of
bone lamellae and osteoblasts. Immunohistochemical
investigation of the tumour located in the mesentery
showed that the staining for the S-100 protein was
strongly positive, while the stainings of SMA, CD34,
CD117 and DOG-1 were negative. The cell proliferation
index, measured with Ki67 staining, was less than 3%.
Finally, a giant ossified benign mesenteric schwannoma
was diagnosed. After surgery, the patient was followed
up for a period of 43 mo, during which she remained
well, with no evidence of tumour recurrence.

This protein, localized to regions of the cell membrane
engaged in cell contact and mobility, is expressed in
Schwann cells, meningeal cells and the lens of the eye.
The mechanism by which the loss of this protein results
in tumorigenesis is not well understood. Schwannomas
are usually benign (> 90%) and occupy approximately
[3,4]
5% of benign soft-tissue neoplasms . The tumour
can sometimes show secondary degenerative changes,
including cyst formation, hyalinization, haemorrhage
[5]
and calcification . Schwannomas usually occur in the
[6]
head, neck and extremities , while schwannomas
in the bowel mesentery are extremely rare. To our
knowledge, only nine cases of schwannomas located
[7-15]
in the bowel mesentery have been reported
.
In addition, mesenteric schwannoma with ossified
degeneration has not been reported thus far. In the
present study, we present the first giant ossified
benign mesenteric schwannoma.

CASE REPORT

Key words: Schwannoma; Mesentery; Ossification;
Laparotomy; S-100

On January 14, 2014, a 58-year-old woman visited our
department due to a lesion detected incidentally in her
abdominal cavity during a routine health examination
in the local hospital. On physical examination, a
lesion was palpable in her upper left abdomen, sized
12 cm × 6 cm, and she felt slight tenderness. Four
years previously, she had undergone resection of
a lipoma in her back. Blood test findings, including
tumour markers, were unremarkable. Ultrasound (US)
revealed a solid lesion in the upper left abdomen,
with clear margin, and also showed some cystic
and strong echo areas in the lesion. Color doppler
flow imagings (CDFIs) showed blood signals in the
lesion. In a native computed tomography (CT) scan,
the lesion in the upper left abdomen appeared welldefined and was 9.6 cm in diameter, while regions of
high density were visible, compatible with calcification
and/or ossification (Figure 1A). Contrast-enhanced CT
study revealed a lesion with slight and inhomogeneous
enhancement (Figure 1B). On T1-weighted images,
the upper left abdominal lesion appeared hypointense,
while appeared inhomogeneous and hyperintense on
T2-weighted images (Figure 2). According to these
imaging results, the abdominal lesion was primarily
considered to be a teratoma.
After sufficient pre-surgical preparation, an
exploratory laparotomy was performed. We found
a giant mass originating from the mesentery and
surrounded by a fibrous capsule. The territory of tumour
blood supply was the branch of superior mesenteric
artery. We carefully separated tissues around the
tumour, ligated the vessels supplying the tumour and
resected the tumour completely from the mesentery.
Intraoperative frozen pathology revealed an ossified
mesenteric schwannoma.
Macroscopically, the mass was 10.0 cm × 9.0
cm × 9.0 cm in size and yellowish-white in colour.
Microscopically, in the mesenteric tumour, both

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

Core tip: To date, only 9 cases of mesenteric sch
wannomas have been reported in the English literature;
an ossified mesenteric schwannoma has not been
reported. In the present study, we present the first
giant ossified benign mesenteric schwannoma. It was
challenging to determine the location and obtain a
precise diagnosis of the mesenteric schwannoma prior
to surgery. We completely resected the mesenteric
schwannoma by laparotomy. In this paper, a literature
review was conducted to deepen our understanding of
mesenteric schwannomas.
Wu YS, Xu SY, Jin J, Sun K, Hu ZH, Wang WL. Successful
treatment of a giant ossified benign mesenteric schwannoma.
World J Gastroenterol 2018; 24(2): 303-309 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i2/303.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i2.303

INTRODUCTION
Schwannomas are mesenchymal neoplasms of the
[1]
peripheral nerve sheath , which mainly develop in
young to middle-aged patients with no obvious gender
difference. Schwannomas are usually solitary sporadic
lesions. About 3% occurred in patients with NF-2, 2%
in those with schwannomatosis, and 5% in association
with multiple meningiomas with or wthout NF2. Most
of schwannomas, whether sporadic or inherited,
display inactivating germline mutations of the tumour
suppressor gene NF2 located on chromosome 22
[2]
which encodes the protein merlin or schwannomin .
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A

B

Figure 1 Computed tomography findings. A: In a native CT scan, the mass in the upper left abdomen appeared well defined (green arrow), while regions of high
density were visible (red arrow); B: On the contrast-enhanced CT, the mass was inhomogeneous and slightly enhanced, and regions of high density were also visible
(green arrow). CT: Computed tomography.

A

B

Figure 2 Magnetic resonance imaging findings. A: On MRI, the mass (white arrow) in the upper left abdominal cavity appeared hypointense on T1-weighted
images; B: The mass (white arrow) appeared inhomogeneous hyperintense on T2-weighted images. MRI: Magnetic resonance imaging.

hypercellular and hypocellular areas were visible.
The tumour mainly consisted of spindle-shaped
cells with a palisading arrangement; atypical cells or
signs of malignancy were not observed (Figure 3A).
Some areas of the tumour were ossified, and a true
metaplastic bone formation could be seen, with the
presence of bone lamellae and osteoblasts (Figure
3B). Immunohistochemical investigation of the tumour
showed a strong positivity for S-100 protein (Figure 4),
while SMA, CD34, CD117 and DOG-1 were negative.
The cell proliferation index, measured with Ki67
staining, was less than 3%. Finally, a giant benign
ossified mesenteric schwannoma was diagnosed. After
surgery, the patient recovered smoothly and left the
hospital 8 d later. She was followed up for a period of
43 mo, during which she was well, with no evidence of
tumour recurrence during the follow-up time.

tumours (MPNSTs) are uncommon and are always
[17]
associated with von Recklinghausen’s disease .
Schwannomas mostly develop in young to middle[18]
aged patients
and typically arise in the head, neck,
[19]
[20]
and extremities . The tumours in the ligament ,
[10]
[21-23]
mesentery
and intra-abdominal organs
are
extremely rare. Secondary degenerative changes,
including cyst formation, calcification, haemorrhage,
and hyalinization, can sometimes be shown. However,
mesenteric schwannoma with ossified degeneration
has not been reported thus far, and to our knowledge,
only nine cases of schwannomas in the bowel
[7-15]
mesentery have been reported
. In the present
study, we present a giant ossified benign mesenteric
schwannoma. Brief clinical characteristics of ten cases
of mesenteric schwannoma in the English-language
literature, including our case, are outlined in Table
1 and the summarized clinical characteristics are
present in Table 2. The mean age of these patients
was 52.89 ± 12.89 years (range 38-80 years), and
the male-female ratio was 4:5. Most patients were
asymptomatic (70.00%). The mean tumour size was

DISCUSSION
Schwannoma is an encapsulated tumour arising from
[16]
Schwann cells . Malignant peripheral sheath nerve
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2014
2011
2006

2005
1998
1998

Present case
Medina-Gallardo et al[7]
Tepox Padrón et al[8]
Wang et al[8]

Tang et al[8]
Lao et al[8]
Kilicoglu et al[8]

Minami et al[8]
Ramboer et al[8]
Murakami et al[8]

F/54
NA
M/48

F/43
M/45
M/56

F/58
F/80
F/38
M/54

Sex/Age

Symptom

Mild abdominal pain
Asymptomatic
Nausea, vomiting,
abdominal pain, and
constipation
Asymptomatic
Asymptomatic
Asymptomatic

Asymptomatic
Asymptomatic
Asymptomatic
Abdominal pain and
hematochezia

CT, MRI
MRI
United States, CT, MRI

CT
CT, MRI and Angiography
US

US, CT, MRI
CT
MRI
CT, Colonoscopy

Imaging method

Size(cm)

8.0 × 7.0 × 4.8
NA
4.5 × 4.0 × 4.0

4.0 × 4.0 × 1.9
2.2 × 1.7
22 × 19 × 4

10 × 9 × 9
NA
11.3 × 8.4 × 4.1
NA

Benign solid tumour
NA
Benign solid tumour

GIST or leiomyoma
NA
Intra-abdominal mass

Teratoma
NA
NA
NA

Preoperative diagnosis

Enucleation
NA
Laparotomy

Surgery
Laparoscopic operation
Surgery
Ascending,
transverse and splenic flexure
colectomy
Laparoscopic operation
Surgical excision
Surgery

Treatment

Benign
Benign
Benign

Benign
Benign
Benign

Benign
Benign
Benign
Benign

Histology

5
NA
24

10
NA
11

43
NA
24
12

Follow-up (mo)

Status

Survived
NA
Survived

Survived
NA
Survived

Survived
NA
Survived
Survived

8.86 ± 6.68 cm (range 2-22 cm). All of the tumours were benign.
Obtaining an accurate preoperative diagnosis of a mesenteric schwannoma prior to surgery is nearly impossible. The final diagnosis is based on the histo-pathological
[8]
[24]
examinations of resected specimen . Microscopically, these tumours present two morphologic features: Antoni type A areas and Antoni type B areas . Antoni type
A areas consist of closely packed spindle cells, with occasional nuclear palisading. Antoni type B areas are hypocellular and contain more mixoid tissue with high water
[18,25]
[5,24]
content
, which can be cystic, haemorrhagic, calcified and even ossified
. In the present study, some areas of the tumour were ossified, and a true metaplastic
[26]
bone formation could be seen, with the presence of bone lamellae and osteoblasts, just as reported by Gurzu et al . Schwannomas show strong immunoreactivity
[27]
for S-100 protein, while CD34, CD117, DOG-1 and SMA are negative . In all these cases, immunohistochemical staining is crucial to confirm the differentiation of
the tumour cells. In the present study, the tumour located in the mesentery showed a strong positivity for S-100 protein, while SMA, CD34, CD117 and DOG-1 were
negative. The cell proliferation index, measured with Ki67 staining, was less than 3%. Ki67 staining is potentially useful in distinguishing benign peripheral nerve sheath
tumours from malignant peripheral nerve sheath tumours, particularly in differentiating problematic cases of cellular schwannoma and malignant peripheral nerve
[28]
sheath tumours. Ki-67 labelling indices ≥ 20% are highly predictive of malignant peripheral nerve sheath tumours . The main differential diagnosis for schwannomas
is gastrointestinal stromal tumours (GISTs). GISTs are composed of spindled mesenchymal cells, which show a diffuse growth pattern and, frequently, positivity for
[29]
CD34, CD117 and DOG-1 . Negative immunohistochemical staining for CD34, CD117 and DOG-1 can exclude the possibility of GIST.
Multiple imaging modalities, including US, CT, MRI, are helpful for establishing a probable diagnosis; however, an accurate preoperative diagnosis of the schwannoma
[9]
[12]
is still difficult to obtain . On US, schwannomas are usually well-defined hypodense lesions . Plain CT scan shows a well-defined hypodense mass. Cystic, haemorrhagic,
calcified and even ossified degeneration sometimes can be seen. On dynamic CT, Antoni A areas of schwannomas are typically well enhanced. Because of the loose
[9,11]
stroma and low cellularity, schwannomas with Antoni B areas generally show low density and can be cystic
. On T1-weighted images, schwanommas appeared
[14,30]
hypointense, while appeared inhomogeneous and hyperintense on T2-weighted images
. Celiac angiography is important to determine the arteries supplying the
[11]
tumour . Fine-needle aspiration cytology, accompanied by immunohistochemical staining, may play an important role in deﬁning the appropriate treatment procedure
[31]
and prognosis .
Surgery is curative for mesenteric schwannomas. In the present case, by laparotomy, a giant mass was found that had originated from the mesentery and was
surrounded by a fibrous capsule. The patient was followed up for a period of 43 mo, during which she remained well, with no evidence of tumour recurrence.

M: Male; F: Female; NA: Not available; US: Ultrasound; CT: Computed tomography; MRI: Magnetic resonance imaging; GIST: Gastrointestinal stromal tumour.
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A

B

Figure 3 Microscopic examination. A: Microscopically, in the mesenteric tumour, both hypercellular and hypocellular areas were visible. The tumour mainly
consisted of spindle-shaped cells with a palisading arrangement; atypical cells or signs of malignancy were not observed (HE × 40); B: Some areas of the tumour
were ossified, and a true metaplastic bone formation could be seen, with the presence of bone lamellae and osteoblasts (HE × 200). HE: Hematoxylin and eosin.

mesentery is extremely rare. To our knowledge,
our study presents the tenth reported mesenteric
schwannoma. In addition, a mesenteric schwannoma
with ossified degeneration has not been reported
thus far. In the present study, we present the first
giant benign mesenteric schwannoma with ossified
degeneration. It was difficult to acquire an accurate
diagnosis of the mesenteric schwannoma preoperatively,
because of the lack of specific symptoms, radiological
characteristics and tumour markers.

Table 2 Summary of clinical data from all 10 cases of
mesenteric schwannomas
n (%) or mean ± SD (range)
Age (yr) (n = 8)
Mean
Sex (male/female), (male %) (n = 9)
Symptoms (n = 10)
Asymptomatic
Symptomatic
Abdominal pain
Hematochezia
Nausea
Vomiting
Constipation
Mean size (cm) (n = 7)
Operation (n = 9)
Laparotomy
Laparoscopic operation
Enucleation
Histology (n = 10)
Benign
Malignant
Follow-up (mo) (n = 8)
Survived

52.89 ± 12.14 (38-80)
4/5 (44.44%)
7 (70.00)
3 (30.00)
1 (10.00)
1 (10.00)
1 (10.00)
1 (10.00)
8.86 ± 6.68 (2-22)

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Case characteristics

A 58-year-old woman visited our department due to a lesion detected
incidentally in her abdominal cavity during a routine health examination in the
local hospital.

6 (66.67)
2 (22.22)
1 (11.11)

Clinical diagnosis

10 (100.00)
0 (0.00)
18.43 ± 12.00 (5-43)
7 (100.00)

A lesion, palpable in the her upper left abdomen, was sized 12 cm × 6 cm, and
she felt slight tenderness.

Differential diagnosis

Gastrointestinal stromal tumour, intra-abdominal teratoma, sarcoma and
neurogenic tumour.

Laboratory diagnosis

Blood test findings, including tumour markers, were unremarkable.

Imaging diagnosis

Ultrasound revealed a solid lesion in the upper left abdomen, with clear margin,
and also showed some cystic and strong echo areas in the lesion. Color doppler
flow imagings (CDFIs) showed blood signals in the lesion. In a native computed
tomography (CT) scan, the lesion in the upper left abdomen appeared welldefined and was 9.6 cm in diameter, while regions of high density were visible,
compatible with calcification and/or ossification. Contrast-enhanced CT study
revealed a lesion with slight and inhomogeneous enhancement. On T1weighted images, the upper left abdominal lesion appeared hypointense, while
appeared inhomogeneous and hyperintense on T2-weighted images (Figure
2). According to these imaging results, the abdominal lesion was primarily
considered to be a teratoma.

Figure 4 Immunohistochemical staining. The mesenteric tumour was
strongly positive for S-100 (× 40).

Pathological diagnosis

Macroscopically, the mass was 10.0 cm × 9.0 cm × 9.0 cm in size and yellowish-

In conclusion, a schwannoma located in the
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white in colour. Microscopically, in the mesenteric tumour, both hypercellular and
hypocellular areas were visible. The tumour mainly consisted of spindle-shaped
cells with a palisading arrangement; atypical cells or signs of malignancy
were not observed. Some areas of the tumour were ossified, and a true
metaplastic bone formation could be seen, with the presence of bone lamellae
and osteoblasts. Immunohistochemical investigation of the tumour showed a
strong positivity for S-100 protein , while SMA, CD34, CD117 and DOG-1 were
negative. The cell proliferation index, measured with Ki67 staining, was less than
3%. Finally, a giant benign ossified mesenteric schwannoma was diagnosed.

13
14
15

Treatment

The authors completely resected the mass located in the mesentery by
laparotomy.

16

Related reports

Schwannomas in the bowel mesentery are extremely rare. To our knowledge,
only 9 cases of schwannomas located in the bowel mesentery have been
reported. In addition, mesenteric schwannoma with ossified degeneration has
not been reported thus far.

17
18

Experiences and lessons

In the present study, the authors present the first giant ossified benign
mesenteric schwannoma. It was difficult to obtain an accurate diagnosis of
the mesenteric schwannoma preoperatively, because of the lack of specific
symptoms, radiological characteristics and tumour markers.

19
20
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LETTERS TO THE EDITOR

Candida accommodates non-culturable Helicobacter pylori
in its vacuole - Koch’s postulates aren’t applicable
Farideh Siavoshi, Parastoo Saniee

Abstract

Farideh Siavoshi, Department of Microbiology, School of
Biology, University College of Sciences, University of Tehran,
Tehran 14176-14411, Iran

The following are the responses to the “letter to the
editor” (“Helicobacter is preserved in yeast vacuoles!
Does Koch’s postulates confirm it?”) authored by Nader
Alipour and Nasrin Gaeini that rejected the methods,
results, discussions and conclusions summarized in
the review article authored by Siavoshi F and Saniee P.
In the article, 7 papers, published between 1998 and
2013, were reviewed. The 7 papers had been reviewed
and judged very carefully by the assigned expertise
of the journals involved, including the reviewers of
the World Journal of Gastroenterology (WJG ), before
publication. In the review article, 121 references were
used to verify the methods, results and discussions
of these 7 papers. The review article was edited by
the trustworthy British editor of the (WJG ), and the
final version was rechecked and finally accepted by
the reviewers of (WJG ). None of the reviewers made
comments like those in this “letter to the editor”,
especially the humorous comments, which seem
unprofessional and nonscientific. Above all, the authors’
comments show a lack of understanding of basic and
advanced microbiology, e.g. bacterial endosymbiosis in
eukaryotic cells. Accordingly, their comments all through
the letter contain misconceptions. The comments are
mostly based on personal conclusions, without any
scientific support. It would have been beneficial if the
letter had been reviewed by the reviewers of the article
by Siavoshi and Saniee.
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Core tip: The authors of the “letter to the editor”
“Helicobacter is preserved in yeast vacuoles! Does
Koch’s postulates confirm it?” argue that amoeba fits
better than Candida yeast in our review. They like to
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see intracellular Helicobacter pylori only inside amoeba,
not in yeast. The questions raised are: which one can
carry H. pylori to the human gastrointestinal tract,
vagina and skin, while remaining alive and able to
colonize - amoeba or yeast? Which one is recognized
as a member of the microbiota of these locations amoeba or yeast? Accordingly, the authors present their
personal conclusions, without supporting references
and experimental data.

for the identification of yeasts, like those for bacteria.
Macroscopic and microscopic characteristics, growth
on CHROMagar, PCR and PCR-RFLP (polymerase chain
reaction-restriction fragment length polymorphism)
are the methods currently used. We used colony
characteristics, microscopic morphology, formation
[11]
of blastoconidia and growth on CHROMagar
for
identification of Candida species, as mentioned in
our original papers. According to reports, Candida
species are the inhabitants of human skin and mucosal
[12-14]
surfaces
, as also mentioned in our papers. Accor
dingly, we knew we were studying Candida yeasts, i.e.,
yeasts belonging to the genus Candida. Candida yeast
is mentioned in the title of the review article, and C.
albicans and Candida species are mentioned throughout
the published works.

Siavoshi F, Saniee P. Candida accommodates non-culturable
Helicobacter pylori in its vacuole - Koch’s postulates aren’t applicable.
World J Gastroenterol 2018; 24(2): 310-314 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i2/310.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i2.310

Paragraph 3: Our studies had nothing to do with
Koch’s postulates. The aim of our studies was to show
that the yeast cell can serve as a specialized niche
and environmental reservoir for H. pylori. We have
used standard and routine methods, as mentioned in
our published papers, which have been checked and
accepted by the experienced reviewers of the original
papers and the review article. The authors of the
letter have answered their own question about Koch’
s postulates (if they were applicable): because H.
pylori was not culturable, Koch’s postulates were not
applicable. The authors are asked to present references
that have applied Koch’s postulates for H. pylori or any
other bacteria and amoeba. The authors have presented
their personal conclusions, without any support from
published references.

TO THE EDITOR
Response to all the comments in the “letter to the
editor”[1]

Paragraph 1: Line 2: the title of the review article is
written incorrectly: “Vacuoles of Candida yeast behave
as a specialized niche for Helicobacter pylori” is wrong.
Lines 4-10: the whole impression is incorrect. The
review paper described detection of H. pylori inside
[2]
the vacuole of Candida yeast, but not penetration .
This was demonstrated by microscopic observations of
bacterium-like bodies (BLBs) inside the yeast vacuole
and detection of H. pylori-specific genes in the whole
DNA extracted from the yeast. It was proposed that
the non-culturable intracellular H. pylori, like other
non-culturable intracellular bacteria, e.g., those in
[3]
arbuscular mycorrhizal fungi , could multiply inside
the vacuole of yeast cells and be transmitted to the
[2]
next generation . Lines 11-15: the article was a
review article and therefore did not contain methods.
It is not clear what methodologies the authors of the
letter did not agree with. It would be better to write
the same letter of criticism to those journals that
published the original papers. The presence of several
BLBs inside the yeast vacuole was not accepted by
the authors. We have never emphasized the number
of bacteria in the vacuoles. Counting the number of
BLBs is not always possible and was not the aim of our
studies. The letter authors presented their personal
conclusions, which were not supported by published
references.

Paragraph 4: All the immunologic methods for
production of IgY-Hp and purification of antibodies
were performed according to standard protocols,
mentioned with the relevant reference in the original
[15]
paper . IgY-Hp perfectly and specifically interacted
with H. pylori antigens, as described in the reference
[16-18]
papers we used
. Even detection of Campylobacter
proteins/antigens in the yeast protein pool would
be another valuable finding. Both Western blot and
immunofluorescent microscopy showed the imm
[8,9]
unospecificity of the IgY-Hp . The authors have
presented their personal conclusions, without supporting
references, such as those describing immunologic
detection of microbial antigens by human serum as
a routine, commercialized, feasible and affordable
method.

Paragraph 2: One of the best-known genera of
yeasts is Candida. Furthermore, Candida yeast,
Candida species and Candida albicans have been used
throughout the review article and the original papers.
Candida species, especially the C. albicans that we
studied, were isolates from the oral cavity, stomach,
vagina and foods, as mentioned in all the original
[4-10]
papers
. There are no simple biochemical tests

WJG|www.wjgnet.com

Paragraph 5: The discussion of bacterial tropism
to yeast extract (which is a powder added to culture
media) is totally unclear and has nothing to do with our
work. The authors neglected to consider that “yeast
extract”, even yeast, if added to culture media, still
goes through sterilization in the autoclave that kills all
the microorganisms, including bacteria and yeast. Their
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[19]

[20]

references numbered 2 and 3 cited in the letter are
[19]
irrelevant. Reference number 2 is about adhesion of H.
pylori to yeast cells, and not yeast extract (the powder).
[20]
Reference number 3
is related to co-culture of H.
pylori with free-living Acanthamoeba castellanii, which
maintained the viability of H. pylori for up to 8 wk, again
[5]
[21]
irrelevant. Their references numbered 4 and 5
in
the letter do not correlate with the sentences given. The
examination of body fluids to look for H. pylori is not
clear and again irrelevant to yeast extract, yeast or H.
pylori. Again, these are personal conclusions, without
any scientific support.

H. pylori inside the yeast.
Paragraph 8: The authors’ comments are not clear.
The relationship between yeast-positive individuals
and a higher frequency of H. pylori infection was not
discussed in our papers. We studied the intracellular
occurrence of H. pylori inside the vaginal yeast of
expectant mothers, and proposed that transmission of
vaginal yeast to newborns might increase the likelihood
of oral and gastric colonization by yeasts acting as a
[7]
reservoir of H. pylori . We did not study the frequency
of vaginal yeasts in normal and healthy women, which
has been accurately reported by the expertise of the
[31]
field . The subjects of their references 5, 6 and
[21,32,33]
7
were not the concern of our studies, because
these papers reported the frequency of yeast in special
patients and not in those with H. pylori infection.

Paragraph 6: Several papers on the intracellular
occurrence of bacteria inside fungi, such as arbuscular
mycorrhizal fungi, have been published. We used the
[22-25]
details of these studies
as the main references in
our original papers. The fungal cell wall as a barrier to
bacterial entry to the fungal cell has been discussed in
[26]
detail by Gehrig et al . However, in our studies we did
not discuss the entry of H. pylori into the yeast cell. We
only reported the intracellular occurrence of H. pylori
inside the yeast; bacterial entry was not the subject
of our studies. The David Copperfield story mentioned
by the authors is an exciting fantasy and a reminder
of childhood. However, it is adulthood, knowledge,
experience and hard work that give one the courage to
discover the unknown fantasies in the microbial world,
like the discovery that bacteria once entered primitive
eukaryotic cells through phagotrophy, and ended
[27-29]
up being digested, slaves or endosymbionts
, as
discussed in our original and review papers. Apparently,
the authors like to see intracellular H. pylori only inside
amoebae, but not in yeasts. The questions raised
are: which one can carry H. pylori to the human
gastrointestinal tract, vagina and skin, while remaining
alive and even being able to colonize - amoeba or
Candida yeast? Which one is recognized as a member
of the microbiota of the human gastrointestinal
tract, vagina and skin - amoeba or Candida yeast?
Furthermore, the authors compared the size of amoeba
and yeast and recognized amoeba as more suitable for
the accommodation of several bacteria, without any
supporting references.

Paragraph 9: The contents of paragraph 9 are unclear
and confusing, not being correlated with even the
titles of their references 8-19 used in the “letter to the
editor”. In this paragraph, the authors hypothesized the
transmission of H. pylori through water consumption
and related to amoebae, which has not been
documented yet. The personal conclusion of the authors
was again to replace yeast with amoeba in the review
paper of Siavoshi and Saniee, which was not their own
research project. The reason for using at least 6 similar
papers out of a total of 20 references to describe the
occurrence of amoeba in water is not clear. It was again
the personal conclusions of the authors, who insisted
on proposing amoeba and not yeast as the reservoir of
H. pylori, without any supporting references or personal
experimental data. Their reference number 18 is a
paper with plagiarized content by the letter authors
that has been retracted from the journal Helicobacter
through the appropriate authorities, which has been
fully acknowledged by Nader Alipour himself.
Paragraph 10: The comment about anti-H. pylori
therapy, including antifungal drug usage, is confusing.
Extensive clinical trials might reveal whether antifungal
therapy is effective against H. pylori or not. Their
[34]
reference number 20
is not relevant to the subject
[35]
of the review. Their reference 17
reports Candidaassociated ulcer in only one patient without implication
of H. pylori infection, so statistical analysis was not
applicable. Personal conclusions have been presented,
without being confirmed by supporting references.

Paragraph 7: The authors have answered their own
question. Intracellular bacteria become intracellular to
avoid stresses, such as the host immune response and
[30]
antibiotics . H. pylori, whether inside yeast, amoeba
or epithelial cells, becomes more resistant to antibiotics.
It is not known whether internalized antibiotics that
reach the vacuole of eukaryotic cells, yeast or amoeba,
remain intact and effective. Comparing the effects of
antibiotics on H. pylori cells inside yeast with those in
amoeba was not the concern of our studies. These are
the authors’ personal conclusions, with no supporting
references. The location of H. pylori on the yeast cell is
not clear. Our concern was the intracellular existence of

WJG|www.wjgnet.com

Paragraph 11: All the arguments of the authors that
have rejected the idea of yeast as the reservoir of H.
pylori are based on their personal conclusions, without
presentation of any supportive references. Copying the
whole text of the review paper and only replacing the
name yeast with amoeba, and also the authors’ names
(Siavoshi F and Saniee P) with their own names,
shows that they agree with the methods that they
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have rejected all through the “letter to the editor”.
Paragraphs 12 and 13 (conclusions): We tried
to respond to all the comments in the “letter to the
editor”, paragraph by paragraph. When we reached the
last two paragraphs, we realized that all the arguments
of the authors were based upon a paper containing
plagiarized content that they had authored, and they
were trying to justify their misconduct by persistently
arguing that yeast must be replaced with amoeba in
a research article written by other people (Siavoshi
F and Saniee P). In their paper based on plagiarism,
they only replaced yeast with amoeba, and changed
the authors’ names from Siavoshi F and Saniee P to
Alipour N, Gaeini N, Taner A, Yildiz F, Masseret S and
Malfertheiner P. The authors other than Alipour were
not aware of the plagiarism. All other sentences in
the text, photographs and references had been left
unchanged. The journal Helicobacter retracted the
article with the plagiarism through the appropriate
authorities, which has been fully acknowledged by
Nader Alipour himself.
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Abstract
Since the advent of direct acting antiviral (DAA) agents,
chronic hepatitis C virus (HCV) treatment has evolved
at a rapid pace. In contrast to prior regimen involving
ribavirin and pegylated interferon, these newer agents
are highly effective, well-tolerated, have shorter course
of therapy and safer essentially in all HCV patients
including those with advanced liver disease and following
liver transplantation. Clinicians caring for HCV-infected
patients on the liver transplant (LT) waitlist are often
faced with a dilemma whether to treat HCV infection
before or after liver transplantation. Sustained virological
response (SVR) rates following HCV treatment may
improve hepatic function sufficiently enough to negate
the need for LT in certain patients. On the other hand,
the decrease in MELD without improvement in quality of
life in certain patients may lead to delay or dropout from
potentially curative LT surgery list. In this context, our
review focuses on the approach to and optimal timing of
DAA-based treatment of HCV infection in LT candidates
in the peri-transplant period.
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MELD score may result in removal of these candidates
from transplant waitlist thus reducing the likelihood of
undergoing LT and potentially contributing to waitlist
mortality. In addition to examining the validity of
‘MELD purgatory’, we seek to evaluate the current data
pertaining to chronic HCV treatment in the context of
liver transplantation.

Core tip: Optimal timing of antiviral therapy for hepatitis
C virus (HCV) infection in liver transplant candidates
using second generation direct-acting antivirals is
debated. Available evidence lacks conviction if the viral
eradication is beneficial in all HCV patients before liver
transplantation. We aim to review the current literature
to better delineate the appropriate timing of HCV
treatment in the era of direct-acting antiviral agents.

Natural History of HCV prior to
Liver Transplantation
HCV can cause both acute and chronic infections
although the latter is more common. Within two weeks
after exposure to HCV, up to 20% of patients develop
acute hepatitis, which is often asymptomatic although
a few may experience nausea, anorexia, malaise,
and jaundice. Due to inability to spontaneously clear
the virus, a clear majority of patients (approximately
55%-85%) develop chronic HCV infection. As a result of
chronicity and slow progression, HCV leads to cirrhosis
[10]
in 10%-40% of patients over a period of 20-30 years .
However, in certain populations such as those with
HIV co-infection, elderly patients, and liver transplant
recipients, a rapid progression to advanced stages of
[11]
liver disease can occur . Since most patients with
chronic HCV infection are asymptomatic, the diagnosis
of HCV is often delayed until after the development of
cirrhosis or onset of an index complication. After the
onset of cirrhosis, the rates of hepatic decompensation
in these patients are 3%-6% and annual risk of HCC
[12]
is 1%-5% . The rates of decompensation and HCC
are influenced by interplay of a variety of host and viral
factors. HCV accounts for 55% of all HCC in cirrhosis
patients currently, making it the leading cause of
[13]
HCC in the US . There is 15%-20% risk of mortality
within one year after the development of hepatic
decompensation, and LT usually serves as the only life[14]
saving therapeutic option .

Gadiparthi C, Cholankeril G, Perumpail BJ, Yoo ER, Satapathy
SK, Nair S, Ahmed A. Use of direct-acting antiviral agents in
hepatitis C virus-infected liver transplant candidates. World J
Gastroenterol 2018; 24(3): 315-322 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i3/315.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i3.315

INTRODUCTION
Chronic hepatitis C virus (HCV) infection continues
to be a major cause of chronic liver disease in the
United States (US) despite the overall decline in the
incidence in recent years. Based on current estimates,
2.7 to 3.5 million persons are infected with chronic
HCV (1.0%-1.5% of US population) and HCV-related
liver disease accounts for more than 15000 deaths
[1-3]
annually
. With 30% of all adult liver transplant
surgeries performed annually in patients with HCVrelated end-stage liver disease, HCV continues to be
the leading indication for liver transplantation (LT) in
[4,5]
the US . However, with the introduction of second
generation direct-acting antiviral (DAA) agents five
years ago, the paradigm of HCV treatment landscape
has shifted dramatically. With a very favorable safety
profile and high rates of sustained virological response
(SVR) of over 95%, the newer and all-oral DAAbased regimens have provided an unprecedented
opportunity to cure HCV. Although HCV-disease burden
remains substantial at the moment, it is estimated that,
within next decade, most patients with HCV in clinical
[6]
practice will likely have attained SVR . Furthermore,
SVR can forestall the progression of liver disease with
subsequent reduction in liver-related complications
including hepatocellular carcinoma (HCC), hepatic
decompensation, and both liver related as well as all[7]
cause mortality . Although the newer DAA-based
therapy has been highly effective, the optimal timing of
HCV treatment in LT candidates is unclear and remains
a subject of much debate. Achieving SVR following a
DAA-based therapy in LT candidates with HCV-related
cirrhosis may result in decrease in the Model for EndStage Liver Disease (MELD) score without a significant
improvement in quality of life due to persistence of endstage liver disease-related complications (a concept of
[8,9]
‘MELD purgatory’) . Furthermore, the improvement in
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Natural history of HCV in Liver
Transplant Recipients
HCV-infected patients with end-stage liver disease
with or without HCC have a clear survival advantage
with LT, which serves as a curative therapy. However,
in patients with pre-transplant viremia who do not
receive HCV treatment prior to LT, post-transplant HCV
recurrence is usually immediate and universal. HCV
reinfection results in graft dysfunction with progression
to cirrhosis in about one-third of patients within 5 years
after LT compared to less than 5% in non-transplant
[15]
patients . Spontaneous viral clearance following
LT is reported in a few published cases although the
[16]
underlying mechanism is not clearly understood .
Nevertheless, HCV infection of allograft has protracted
course with rapid progression and higher mortality risk
compared to non-transplant chronic HCV infection.
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The recurrent HCV infection is defined as presence
of HCV RNA in serum and/or liver, however histological
confirmation is required for establishing the recurr
[17]
ent disease . Histopathological changes related to
recurrent disease in the allograft are similar to those of
an immunocompetent patient, usually develop within
3 months after the LT surgery, with 70%-90% of trans
plant recipients demonstrating the changes of chronic
[18]
hepatitis at 1 year, and 90%-95% at 5 years .
Similarly, the rates of decompensation after onset of
graft cirrhosis are > 40% and > 60% at 1 and 3 years
[19,20]
respectively
, whereas in pre-transplant chronic
HCV patients the rates are < 5% and < 20% at 1 and
[21,22]
5 years respectively
.
In pre-DAA era, due to poorly tolerated, ineffective
interferon-based therapy and accelerated fibrosis,
LT recipients with HCV had inferior graft and patient
survival compared to those who underwent LT for nonHCV indications. In a large study using United Network
for Organ Sharing (UNOS) data comparing 4439
HCV-positive and 6597 HCV-negative recipients, the
5-year graft and patient survival rates were found to
be 57% and 70% in HCV-positive recipients compared
with 68% and 77% respectively in HCV-negative
[23]
counterparts . However, with the availability of highly
effective and safer DAA-based agents, HCV-positive
LT recipients are expected to have outcomes similar to
[24,25]
those undergoing LT for other indications
.

C] was 86%-89%, whereas the rates in transplant
recipients were 96%-98% in mild hepatic impairment
group (CTP A), 85%-88% in moderate hepatic
impairment group (CTP B), and 60%-75% severe
hepatic impairment group (CTP C). More importantly,
among seven patients who required re-transplantation,
including four patients who underwent LT prior to
completion of HCV therapy, six patients achieved SVR
12 suggesting the high efficacy of DAAs in preventing
the recurrence of HCV infection after LT.
DAAs have shown to be equally effective in different
ethnic groups and certain high-risk HCV populations
including elderly, and treatment experienced patients
who failed prior therapies. In a multicenter, international
ASTRAL-1 trial, a combination sofosbuvir and velpatasvir
noted high efficacy rates in African-Americans and
[29]
previously failed, treatment experienced HCV patients .
Similarly, ASTRAL-2 and ASTRAL-3 trials showed that
HCV patients with genotype 2 and 3 infection achieved
SVR rates of 99% and 95% respectively, which were
superior to standard therapy with sofosbuvir and
[30]
ribavirin which had SVR rate of 80% . DAA agents
are highly effective in elderly patients as well and are
generally safe. In a retrospective study evaluating
the safety and efficacy of ledipasvir/sofosbuvir with
or without ribavirin, elderly HCV patients (age > 65
years) with genotype 1 infection achieved similar
SVR rates (98%) compared to the younger subjects
(97%), however treatment related adverse events that
lead to discontinuation of therapy in elderly subjects
was largely related to ribavirin rather than ledipasvir/
[31]
sofosbuvir . DAA-based therapy, through an expanded
access program, in patients with decompensated
cirrhosis (CTP B and C) who are at risk of irreversible
disease achieved overall SVR of 81.6% (genotype 1,
[32]
90.5% and genotype 3, 68.8%) . Importantly, within
6 months following viral clearance, 60% patients noted
improvement in hepatic function while 17% had no
change and 23% had worsening MELD score.
These major trials have repeatedly demonstrated
that DAA-based therapy is not only efficacious but well
tolerated across the wide spectrum of patients with
HCV-related liver disease including those with advanced
and decompensated cirrhosis. Data from integrated
safety analysis of SOLAR 1 and 2 trials showed that a
combination of sofosbuvir and ledipasvir with ribavirin
in decompensated liver cirrhosis patients was generally
safe and well-tolerated and major adverse events noted
[33]
in 28%-30% patients and death in 5% . Although
all the major studies had enrolled HCV-patients with
decompensated cirrhosis, it is important to note that
the proportion of patients with higher MELD scores (>
20) and CTP-C was very low. Therefore, these results
should be applied with caution in patients with severe
hepatic impairment (higher MELD scores).
While all HCV patients can and should be treated,
it may not be beneficial in patients for whom LT is
the only curative option, for example, those with
advanced liver disease or those with HCC. Additionally,

Treatment of HCV Prior to Liver
Transplantation
In pre-DAA era, pegylated interferon and ribavirin were
cornerstone of HCV treatment. Prior studies have shown
that achieving SVR by viral eradication with interferonbased treatment regimen has shown to significantly
reduce the rates of cirrhosis, decompensation, HCC, and
[7,26]
both liver-related and all-cause mortality
. However,
interferon-based regimen was poorly tolerated due to
high rates of adverse events, had poor clinical efficacy
with low SVR rates and could not be used in patients
[27]
with decompensated cirrhosis . DAA-based therapy,
on the other hand, is highly efficacious with high rates of
SVR, well tolerated leading to better patient adherence,
and can be used safely in patients with advanced liver
[28]
disease . Although these attributes can be compelling
for clinicians to treat all chronic HCV patients, it is
however important to understand the optimal timing of
HCV therapy.
Recently, several studies have demonstrated very
favorable results with DAAs in patients with advanced
liver disease before and after LT. In SOLAR-1 trial
in 2015, a combination of sofosbuvir, ledipasvir and
ribavirin for 12-24 wk achieved high rates of SVR at
12 wk (SVR12) in patients with advanced liver disease,
including those with decompensated cirrhosis both
[25]
before and after LT . In this landmark trial, SVR12 in
non-transplant cohort with moderate to severe hepatic
impairment [Child-Turcotte-Pugh (CTP) class B and
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Table 1 Advantages and disadvantages of hepatitis C virus treatment in liver transplant candidates before liver transplantation
Advantages

Disadvantages

1. Liver function and MELD score may improve
2. Liver transplantation may no longer be necessary
3. Societal benefits given the scarcity of organs and limited donor pool
4. Prevent post-transplant recurrence of HCV

1. MELD score may improve but with ongoing poor health (MELD purgatory)
2. Possibly eliminates the option of a curative treatment for liver disease
3. May limit access to HCV-positive donors, thereby prolonging the transplant
waitlist time and risk of dropout or death
4. If treatment fails, risk of resistance to NS5A inhibitors and compromised SVR
rates when re-treating after liver transplantation

5. Cost savings if liver transplantation can be obviated
HCV: Hepatitis C virus; SVR: Sustained virological response; MELD: Model for end-stage liver disease.

[35]

after achieving viral clearance before LT, HCV patients
are no longer able to accept the organs from HCVpositive donors, further shrinking the already limited
donor pool. This is particularly relevant in midst of
opioid epidemic, where the young and otherwise
healthy HCV-positive donors are becoming increasingly
available due to deaths related to overdose. In regions
with high HCV prevalence, HCV treatment prior to
LT may potentially extend the transplant wait period
and thus increasing the risk of waitlist dropout due to
inability to accept the offer from HCV-positive donors.
Therefore, the decision of HCV treatment before or
after LT largely depends on proportion of HCV-positive
[34]
donors in the local and regional areas . If the
proportion of HCV-positive donor is sufficiently high,
it may be beneficial to wait and treat HCV infection
after transplantation. However, in future, policies may
change necessitating the uniform acceptance of HCVpositive donors by all patients with or without HCV.

prior to LT may not be beneficial or cost-effective .
Advantages and disadvantages of this treatment
strategy are summarized (Table 1).

Treatment of HCV Following Liver
Transplantation
HCV patients who are viremic at the time of transplan
tation almost always develop recurrent HCV infection
after LT. Treatment of recurrent HCV infection in
LT recipients followed by viral eradication results in
significant improvement in post-transplant mortality
[38]
and morbidity . Prior to the approval DAAs, standard
of care for recurrent HCV infection was based on
pegylated interferon and ribavirin, which were poorly
tolerated and had sub-optimal success. A systematic
[39]
review by Berenguer et al , involving 19 studies and
total 611 LT recipients with recurrent HCV infection that
were treated with interferon-based therapy, reported
low rate of SVR (30.2%) due to significant adverse
effects that lead to reduction in dose in 73% patients
[39]
and discontinuation of therapy in 27.6% . In contrast,
DAA-based therapy is well tolerated and efficacious
with high rates of SVR in LT recipients. Sofosbuvir
plus ribavirin for 24 wk was first all-oral DAA regimen
that was used in LT recipients which achieved SVR12
[40]
rate of 70% . The combination of Sofosbuvir and
simeprevir in several clinical trials demonstrated better
tolerability and improved efficacy. This combination
achieved SVR12 in 88% of LT recipients, however
the rate was lower (64%) in LT recipients with
[41,42]
advanced fibrosis
. Recently, in ALLY-1 study that
included 55% LT recipients with advanced fibrosis, a
combination of sofosbuvir, declatasavir, and ribavirin for
12 wk was well-tolerated and achieved high SVR rate
[43]
(91%-95%) across different genotypes . Although
all DAAs are generally safe and approved in posttransplant setting, attention must be paid to drugdrug interaction especially with immunosuppressive
agents. For example, simeprevir is contraindicated in
LT recipients who are on cyclosporine and ritonavir
can increase the tacrolimus level 57 to 68-fold and
[44]
cyclosporine level 4.3 to 5.8-fold . Therefore, careful
selection of DAA agents is warranted based on the
patient’s immunosuppressive therapy.
Fibrosing cholestatic hepatitis (FCH) is a severe

Cost-effectiveness of HCV
treatment
HCV patients who are already treated and cured prior
to LT can still accept HCV-positive donors, however,
these patients require re-treatment for recurrent HCV
infection after transplantation incurring additional
health-care costs associated with generally expensive
DAA agents. But, the cost of HCV treatment should
be examined in the context of overall costs associated
with LT surgery, which is several fold higher than HCV
therapy. In addition to mortality benefit, substantial
cost-savings can be obtained as a result of reduction
in the hospitalizations related to complications and
[35]
[36]
need for transplantation . Younossi et al , showed
that number needed to treat with DAAs to prevent
one LT in patients with compensated cirrhosis is 15,
which is quite remarkable. However, this study does
not include the patients with advanced liver disease
or decompensated cirrhosis. Results from another
European study involving LT candidates demonstrated
that following the DAA therapy, one out of five patients
on transplant waitlist were successfully delisted due
[37]
to significant clinical improvement . Nevertheless,
in patients with severe hepatic dysfunction and HCC
in whom the LT cannot be avoided, HCV treatment

WJG|www.wjgnet.com

318

January 21, 2018|Volume 24|Issue 3|

Gadiparthi C et al . Timing of DAA therapy for HCV

LT is imminent based on MELD
score or MELD exception

Pre-emptive treatment following
LT is recommended

Pre-transplant treatment is
recommended

CTP Class A

HCV-infected patients
waitlisted for liver
transplantation

Decompensated cirrhosis
(CTP Class B/C)
Treatment based on
regional donor availability

MELD ≤ 20 and/or LDLT

Pre-transplant treatment is
preferred

MELD ≥ 20 and
GFR ≥ 30

Individualized approach:
Treatment based on
patient preference

MELD ≥ 20 and
GFR < 30

Individualized approach:
Pre-emptive treatment following
LT or with DAA agents approved
for use in renal failure

Figure 1 A pragmatic treatment approach in hepatitis C virus-infected liver transplant candidates. HCV: Hepatitis C virus; MELD: Model for End-Stage Liver
Disease; LT: Liver transplantation; CTP: Child-Turcotte-Pugh; GFR: Glomerular filtration rate; LDLT: Living donor liver transplantation.

form of HCV recurrence that results in progressive hepa
tic dysfunction and graft failure which was associated
with high mortality in interferon era. However, in DAA
era, the outcomes associated with FCH patients have
been encouraging. In a compassionate use program,
treatment of FCH patients with sofosbuvir and simeprevir
[45]
achieved SVR12 of 80% . Despite the absence of large
prospective studies, the available evidence favors early
treatment of recurrent HCV in post-transplant setting
before the onset of fibrosis to achieve improved patient
and graft survival.

studies demonstrated that the patients with MELD >
20 were less likely to be removed from waitlist due to
inadequate clinical or biochemical improvement. Thus,
algorithms for HCV treatment have been proposed to
avoid ‘MELD purgatory’-authors recommended HCV
treatment in patients with hepatic decompensation
[47]
and MELD < 20 and scheduled for living donor LT .
However, patients with MELD 20-27 can be treated
depending on the regional trends. In patients with MELD
> 27 and/or severe kidney dysfunction (GFR < 30)
[47]
should be treated after LT . The safety and efficacy
of DAAs in chronic kidney disease patients (GFR < 30)
and those on hemodialysis is unknown. A few recent
single center studies involving HCV patients with ad
vanced chronic kidney disease (GFR < 30) or those on
hemodialysis have shown favorable results with DAA
agents in terms of safety and SVR rates compared
[48,49]
to general population
. Although, these are small
and single center studies, the preliminary results are
encouraging, and evidence regarding DAA therapy in
renal failure patients continues to emerge.
Finally, if transplantation is imminent and in the
setting of severe hepatic impairment, it is prudent
to wait and treat HCV infection after transplantation.
Nonetheless, DAA-based therapy is beneficial and
recommended in patients with mild hepatic impairment
and select patients with moderate to severe hepatic
impairment.
To avoid ‘MELD purgatory’, we suggest a modified
algorithm (Figure 1) summarizing the approach to
optimal timing of HCV therapy in LT candidates. At
present, evidence favors DAA-based HCV therapy
in patients with lower MELD scores and mild hepatic

Concept of ‘MELD purgatory’
Current LT allocation algorithm employs MELD score
based prioritization, where sicker patients with higher
MELD score are transplanted first. DAA-based therapy
with viral eradication in candidates on LT waitlist
may improve MELD score and hepatic dysfunction su
fficiently enough that they may no longer require LT.
This is an ideal scenario. However, some patients may
experience decrease in MELD score without significant
improvement in quality of life or hepatic dysfunction
that puts them at risk of waitlist dropout or death- ‘MELD
purgatory’. These patients perhaps are best served by
deferring the HCV treatment until after LT. A European
study demonstrated that after achieving SVR following
HCV treatment, 1 out of 5 candidates were removed
from LT waitlist due to significant reversal of hepatic
[37]
dysfunction . More recently, another study from Spain
showed that about a quarter of patients with decom
pensated cirrhosis were successfully removed from LT
[46]
waitlist due to clinical improvement . However, both
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impairment in pre-transplant period. Additionally, with
exception to those needing imminent LT, carefully
selected patients with moderate hepatic decompen
sation may also benefit from HCV therapy prior to tran
splantation.

7

Conclusion
The advent of DAA agents has revolutionized the
HCV treatment landscape. Due to their safety profile,
effectiveness in viral eradication and tolerability, DAA
agents can be used in all HCV patients including those
with advanced hepatic impairment. The optimal timing
of HCV therapy in LT candidates is long debated. DAA
agents have shown to improve the hepatic function to
the degree where transplantation may no longer be
required in some LT candidates whereas in others, the
reduction in MELD score may not necessarily improve
poor quality of life. Therefore, it is crucial to identify
such candidates to maintain the access to LT and treat
HCV in post-transplant setting. The viral eradication
and improvement in hepatic function with subsequent
delisting from LT waitlist is not only cost-effective
but has a substantial societal benefit in the setting of
limited donor pool. The available data suggests that LT
candidates with mild to moderate impairment benefit
from pre-transplant HCV treatment, whereas posttransplant DAA therapy may be employed for those
in whom LT cannot be avoided. However, the decision
to treat LT candidates should also reflect patient
preferences, local/regional waitlist parameters and
specific needs of a transplant center. Nevertheless,
future studies are needed to identify the accurate
predictors of improvement in quality of life and hepatic
function in LT candidates following DAA therapy to
better guide the providers caring for these patients.
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Abstract
AIM
To investigate micro (mi)R-34a-antagonizing circular
(circ)RNA that underlies hepatocellular steatosis.

Institutional review board statement: This paper was
approved by the Xinhua Hospital Ethics Committee Affiliated to
Shanghai Jiaotong University School of Medicine.

METHODS
The effect of circRNA on miR-34a was recognized by
the miRNA response element (MRE), and validated
by the dual-luciferase reporter assay. Its association
with hepatocellular steatosis was investigated in
HepG2-based hepatocellular steatosis induced by free
fatty acids (FFAs; 2:1 oleate:palmitate) stimulation.
After normalization of the steatosis-related circRNA
by expression vector, analysis of miR-34a activity,
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peroxisome proliferator-activated receptor (PPAR)α
level, and expression of downstream genes were
carried out so as to reveal its impact on the miR34a/PPARα regulatory system. Both triglyceride (TG)
assessment and cytopathological manifestations
uncovered the role of circRNA in miR-34a-dependent
hepatosteatogenesis.

INTRODUCTION
Hepatic steatosis is associated with hepatocyte-specific
accumulation of lipid droplets (≥ 5% of volume or
weight), and has increased dramatically worldwide with
[1,2]
the growing incidence of obesity . Hepatic steatosis
is one of the most common chronic liver diseases in
[2-6]
western countries and the Asia-Pacific area . It is a
critical step in the development of nonalcoholic fatty
liver disease, which ranges from simple steatosis to
nonalcoholic steatohepatitis, liver fibrosis/cirrhosis,
[7,8]
and finally hepatocellular carcinoma
. Patients
with hepatic steatosis are also susceptible to some
aspects of metabolic syndrome (e.g., type 2 diabetes
[9,10]
and hyperlipidemia)
and related diseases (i.e.
cardiovascular events, cerebrovascular diseases,
[11,12]
and extrahepatic cancer)
. Although it is being
recognized as a public health burden, clinical interven
tion for hepatic steatosis is deficient because of the
limited understanding of its underlying mechanisms.
Micro (mi)RNAs have been identified as critical
regulators of various physiological processes and
[13,14]
diseases
. miR-34a is significantly up-regulated
[15,16]
in different models of rodent hepatic steatosis
.
Consistently, miR-34a expression correlates well with
the clinical occurrence of hepatic steatosis in the
[17-19]
Chinese, Japanese and Philippine populations
. The
increased level of circulating miR-34a discriminates
patients with hepatic steatosis from healthy controls
[19]
with area under the curve (AUC) of 0.781 . Target
ed repression of peroxisome proliferator-activated
receptor (PPAR)α, which maintains homeostasis of lipid
metabolism in hepatocytes, highlights the steatosis[20]
related effect of miR-34a . Antagonism of miR34a, therefore, has potential in the therapy of hepatic
steatosis.
Circular (circ)RNAs are a novel class of non-coding
[21]
RNAs containing miRNA response elements (MREs)
that can be used to investigate miRNA-specific ant
agonists. circRNA_000203 in angiotensin-II-induced
cardiac fibroblasts inactivates miR-26b-5p by the
[22]
complementation between MREs and miRNAs .
circRNA_010567 in diabetic mice abrogates the effect of
[23]
miR-141 in a same manner . The miRNA-dependent
inhibition of target mRNAs (transforming growth
factor-β1, collagen 1a2 and connective tissue growth
factor) is then abolished, which results in myocardial
[22,23]
fibrosis
. By serving as a natural “miR-223
sponge”, heart-related circRNA (HRCR) sequesters
and antagonizes its inhibitory role against activity[24]
regulated cytoskeleton-associated protein (ARC) .
Thus, pathological hypertrophic responses and heart
failure are prevented by the HRCR/miR-223/ARC
[24]
axis . However, both miR-34a-targeting circRNA and
its actions are rarely reported in hepatic steatosis.
Employing databases of non-coding RNA (circBase
and miRBase) and algorithms of circRNA-miRNA

RESULTS
B ioinformatic and functional analysis verified
circRNA_0046366 to antagonize the activity of miR34a via MRE-based complementation. In contrast to
its lowered level during FFA-induced hepatocellular
steatosis, circRNA_0046366 up-regulation abolished
the miR-34a-dependent inhibition of PPARα that played
a critical role in metabolic signaling pathways. PPARα
restoration exerted transcriptional improvement to
multiple genes responsible for lipid metabolism. TGspecific lipolytic genes [carnitine palmitoyltransferase 1A
(CPT1A) and solute-carrier family 27A (SLC27A)] among
these showed significant increase in their expression
levels. The circRNA_0046366-related rebalancing
of lipid homeostasis led to dramatic reduction of TG
content, and resulted in the ameliorated phenotype of
hepatocellular steatosis.
CONCLUSION
Dysregulation of circRNA_0046366/miR-34a/PPARα
signaling may be a novel epigenetic mechanism
underlying hepatocellular steatosis. circRNA_0046366
serves as a potential target for the treatment of hepatic
steatosis.
Key words: hepatocytes; steatosis; circRNA_0046366;
miR-34a; peroxisome proliferator-activated receptor α
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: circRNA_0046366, which demonstrated ex
pression loss in HepG2-based hepatocellular steatosis,
exerts antagonistic effect on miR-34a activity. miR34a inactivation abrogates its inhibitory role against
peroxisome proliferator-activated receptor (PPAR)α, and
then rescues the PPARα level. PPARα restoration further
improves the expression of downstream genes [i.e.
carnitine palmitoyltransferase 1A (CPT1A) and solutecarrier family 27A (SLC27A)], at both transcriptional and
translational levels, which are associated to triglyceride
metabolism. In conclusion, the rebalancing of lipid
homeostasis down-regulates triglyceride content, and
attenuates the hepatocellular steatosis.
Guo XY, Sun F, Chen JN, Wang YQ, Pan Q, Fan JG.
circRNA_0046366 inhibits hepatocellular steatosis by
normalization of PPAR signaling. World J Gastroenterol 2018;
24(3): 323-337 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i3/323.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i3.323
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Table 1 Primers for real-time PCR
Gene

Primer sequence, 5'-3'

hsa_circ_000366
APOA1
APOC3
CPT1A
FASN
HMGCS
LPL
PPARα
SLC27A
VLDLR
U6
GAPDH

F: CGTCCATTCGTTTGTGAGCC
F: GCCAGGCTCGGCATTTCTG
F: CGGGTACTCCTTGTTGTTGC
F: CCAGACGAAGAACGTGGTCA
F: ATGAGCACCAACGACACGAT
F: TGGTTCCCTTGCATCTGTTC
F: CATTCCCGGAGTAGCAGAGT
F: CCCCTCCTCGGTGACTTATC
F: GGCCCAACGACATCGTCTAT
F: GTAGGCAAAGAGCCAAGTC
F: ATTGGAACGATACAGAGAAGATT
F: CTGAACGGGAAGCTCACTGG

interaction, circRNA_0046366 is now recognized to be
a specific antagonist of miR-34a. To reveal the circRNAmiRNA interaction underlying hepatocellular steatosis,
expression patterns of circRNA_0046366 and miR-34a
were investigated in a model of HepG2-based steatosis
model in the presence of high-fat stimulation. The
antagonistic effect of circRNA_0046366 on miR-34a was
evaluated by bioinformatic analysis and dual-luciferase
reporter assay. After the up-regulation of hepatocellular
circRNA_0046366, functional experiments exhibited
its impact on miR-34a, key miRNA-target (PPARα),
and downstream genes responsible for lipid metabo
lism. Phenotypic identification finally revealed the
pathophysiological role of circRNA_0046366/miR-34a/
PPARα signaling in hepatocellular steatogenesis.

126
104
230
132
140
150
205
297
190
264
70
252

The expression level of hepatocellular circRNA_0046366
-ΔΔCt
was evaluated against U6 by the 2
method.

Bioinformatic analysis

The effect of circRNA_0046366 on miRNAs was analyzed
by the CircInteractome method according to MRE[26]
based circRNA/miRNA complementation , and then
the set of circRNA_0046366-targeting miRNAs was
constructed. On the other side, the experiment-proven,
hepatic steatosis-inducing miRNAs were pooled to
[27]
establish another miRNA set . Key target miRNAs that
play an essential part in circRNA-related hepatocellular
steatosis were successively filtered by the intersection
of circRNA_0046366-targeting miRNA set and hepatic
steatosis-inducing set.
To shed light on their actions associated with hepa
tocellular steatosis, a miRNA-specific targetome was
[28]
constructed using genes obtained from miRBase .
According to the annotations of Kyoto Encyclopedia of
[29]
Genes and Genomes (KEGG) database , enrichment
scoring, Fisher’s exact test and false discovery rate
(FDR) analysis were further employed to recognize
[30]
the miRNA-regulating signal pathways . Finally, gene
interaction was illustrated within the top-enrichment
[31]
pathways using databases of KEGG and PubMed .

MATERIALS AND METHODS
Establishment of hepatocellular steatosis by high-fat
stimulation

Exponentially growing HepG2 cells (Cell Bank of Type
Culture Collection, Shanghai, China) were seeded in
5
a 6-well plate at 2 × 10 /well, and randomized into
groups of normal and steatosis (9 wells/group). In
contrast to those cultured in Dulbecco’s modified Eagle’
s medium, penicillin-streptomycin, and 10% fetal
bovine serum (control group), HepG2 cells in the model
group were subjected to additional exposure to 0.5
mmol/L FFA (oleate:palmitate = 2:1; Sigma-Aldrich,
[25]
St. Louis, MO, United States) for 24 h .

Luciferase reporter assays

hsa-circRNA_0046366 (circBase; Rajewsky Laboratory,
Berlin, Germany) with putative target sites for miR34a was synthesized and cloned into the pMIR-REPORT
vector (Thermo Fisher Scientific, Waltham, MA, United
States) for the purpose of constructing recombinant
reporter vector (pMIR-REPORT-circRNA_0046366[32]
wildtype) . Reporter vector with mutant circRNA_0046366
(pMIR-REPORT-circRNA_0046366-mutant) was also
generated by deletion of an MRE sequence. As defined
by the relative activity of firefly luciferase against Renilla
luciferase, cotransfection of reporter vector (pMIRREPORT-circRNA_0046366-wildtype or pMIR-REPORTcircRNA_0046366-mutant) and oligonucleotides (miR34a mimics or negative control) revealed circRNAmiRNA interaction using a dual-luciferase assay kit

Assessment of circRNA_0046366 expression

Total RNA of each sample was extracted by the phenol/
chloroform method, and then treated by the ExScript
RT Reagent Kit (TaKaRa, Kusatsu, Japan) for reverse
transcription (RT). Quantitative real-time polymerase
chain reaction (PCR) was performed, with primers
[24]
specific to cDNA of circRNA_0046366 (Table 1) ,
using SYBR Premix ExTaq (TaKaRa) on the Applied
Biosystems 7500 Real-Time PCR Detection Systems
(Bio-Rad Laboratories, Hercules, CA, United States).
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Product, nt

R: CTTCACAGCCTCATCGGAGC
R: GCCGCTGTCTTTGAGCACATCCA
R: TTGTCCTTAACGGTGCTCCA
R: ATCTTGCCGTGCTCAGTGAA
R: CTATAGGCCGCAGCCTTCTC
R: TTATCAAGAGCAGACCCCGG
R: GGACACTGGGTAATGCTCCT
R: ATTCGTCCAAAACGAATCGCGT
R: TAGCGGCACAGTTCACCAAT
R: GTACACCCAATCAACAGCA
R: GGAACGCTTCACGAATTTG
R: AAAGTGGTCGTTGAGGGCAA
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(Promega, Madison, WI, United States).

RIPA lysis buffer, and quantified using the Pierce
BCA Protein Assay Kit (Thermo Fisher Scientific).
After separation by SDS-PAGE, protein samples
were electrophoretically transferred to polyvinylidene
difluoride membranes. These nonfat dry milk-blocked
membranes were incubated with anti-PPARα (1:500;
Santa Cruz Biotechnology, Dallas, TX, United States),
anti-CPT1A (1:1000; Santa Cruz Biotechnology), antiSLC27A (1:1000; Santa Cruz Biotechnology), and antiGAPDH (1:1000; Santa Cruz Biotechnology) overnight
at 4 ℃, and reacted with horseradish-peroxidaseconjugated secondary antibody (1:1500; Jackson
ImmunoResearch Laboratories, West Grove, PA, United
States) for 1 h at room temperature. Chemiluminescent
signals were visualized by ECL detection system, and
scanned densitometrically by Image Lab Software 5.1
software (Bio-Rad Laboratories).

circRNA administration

cDNA of circRNA_0046366 was synthesized according
to the sequence obtained from circBase database (www.
circbase.org), and then cloned into H3790 pcDNA3.1
plasmid using TA Cloning™ Kit (Thermo Fisher Sci
[33]
entific) as per the manufacturer’s instructions . DNA
sequencing verified the construction of recombinant
vector (pcDNA3.1(+)-GFP-circRNA_0046366) expre
ssing circRNA_0046366.
HepG2 cells in the exponential phase were randomly
divided into 6 groups, including normal, steatosis,
control, circRNA, circRNA+mimics, and circRNA+mimics
5
normal control (NC) group (2 × 10 cells/well, 9 wells/
group). In contrast to those without circRNA_0046366
regulation (normal and steatosis groups), the circRNA,
circRNA+mimics, and circRNA+mimics NC groups
were exposed to 12-h transfection of pcDNA3.1(+)GFP-circRNA_0046366 (4 μg/well), pcDNA3.1(+)GFP-circRNA_0046366 (4 μg/well) + miR-34a mimics
(Genechem, Shanghai, China; 50 pmol/well), and
pcDNA3.1(+)-GFP-circRNA_0046366 (4 μg/well) +
miR-34a mimics, negative control (50 pmol/well;
Genechem, Shanghai, China), respectively, using
[34]
Lipofectamine 2000 . Transfection of blank plasmid
(pcDNA3.1(+)-GFP at 4 μg/well) was applied to the
control group. All groups, with the exception of the
normal group, received FFA treatment for a further
24 h as mentioned above. After the transfection of
circRNA-containing plasmid, the expression level of
circRNA_0046366 was dynamically assessed in the
circRNA group at the time points of 24, 48, and 72 h.

Phenotypic evaluation for hepatocellular steatosis

According to the above-mentioned subgrouping, HepG2
cells in normal, steatosis, control, circRNA, circRNA+
mimics, and circRNA+mimics NC groups were plated
on cover glasses, and fixed in 4% paraformaldehyde.
After washing in distilled water, each group was treated
with 0.5% Oil Red O for 30 min, 60% isopropanol for
10-20 s, and hematoxylin counterstaining for 10-20
s so as to uncover the lipid droplets with neutral fat
(triglyceride (TG)). Those HepG2 cells with cytoplasmic
enrichment of positive-staining droplets were defined
to be steatotic. Quantitatively, the TG level in each
group was enzymatically analyzed using the TG Assay
[35]
Kit (Applygen Technologies, Shanghai, China) . Lysed
HepG2 cells were subjected to centrifugation at 12000
rpm for 5 min, followed by coculture of supernatant and
working solution for 10 min at 37 ℃. OD550 indicated the
hepatocellular TG concentration, which was normalized
against the protein content of HepG2 cells evaluated by
BCA method.

Real-time RT-PCR

cDNA of miR-34a was generated by the Mir-X miRNA
First Strand Synthesis Kit (TaKaRa) using total RNA
samples from each group. After normalization against
an internal control (U6), real-time PCR demonstrated
expression of hepatocellular miR-34a by the SYBR
[20]
Fast qPCR Mix (TaKaRa) . RT and real-time PCR for
PPARα, apolipoprotein A1 (APOA1), apolipoprotein
C3 (APOC3), fatty acid synthase (FASN), lipoprotein
lipase (LPL), 3-hydroxy-3-methylglutaryl-CoA synthase
1 (HMGCS), very low-density lipoprotein receptor
(VLDLR), carnitine palmitoyltransferase 1A (CPT1A),
solute-carrier family 27A (SLC27A), and GAPDH were
carried out using the ExScript RT Reagent Kit (TaKaRa),
and SYBR Premix ExTaq (TaKaRa), respectively, using
standard procedures. Gene-specific primers of these
reactions were designed by Premier 5.0 software
(PREMIER Biosoft, Palo Alto, CA, United States) (Table
1). According to the results obtained from the Applied
Biosystems 7500 Real-Time PCR Detection Systems
(Bio-Rad Laboratories), expression of these genes was
-ΔΔCt
assessed based on the 2
method.

statistical analysis

The present results are expressed as mean ± SD.
Statistical analysis was performed by Student’s t-test
or one-way analysis of variance with GraphPad Prism
[36]
Software (GraphPad, La Jolla, CA, United States) .
Fisher’s exact test was used to filter the significant
pathways using R software 3.3.1 (R Development
Core Team, Vienna, Austria). Differences with P < 0.05
(two-tailed) were considered statistically significant.

RESULTS
circRNA_0046366 deficiency characterized high fatinduced hepatocellular steatosis

In contrast to the steatosis-free phenotype of the
normal group, enrichment of lipid droplets dominated
the steatosis group. Oil Red O staining specific to lipid
droplets verified accumulation of neutral fat (TG) under
FFA stimulation (Figure 1A). Consistent with these

Western blotting

Total protein of each sample was prepared using
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Figure 1 circRNA_0046366 loss demonstrates the epigenetic characteristic of FFA-induced hepatocellular steatosis. A: Oil Red O staining identified HepG2
cells with (steatosis group) or without (normal group) FFA-induced steatosis (200 ×); B: The steatosis group exhibited significant up-regulation of TG content; C:
circRNA_0046366 quantification revealed inhibition of its expression after hepatocellular steatosis; D: circRNA_0046366 expression was inversely correlated with
hepatocellular TG level in the steatosis group. Results are expressed as mean ± SD. bP < 0.01. FFA: Free fatty acid; TG: Triglyceride.

of circRNA_0046366 and had a critical role in hepato
cellular lipid dysmetabolism (Figure 2A).
Dual-luciferase reporter assay was performed to
verify the MRE-based circRNA-miRNA interaction (Figure
2B). After cotransfection of pMIR-REPORT vector
containing wild-type circRNA_0046366 and miR-34a
mimics, the activity ratio of firefly/Renilla luciferases was
down-regulated in the pMIR-REPORT-circRNA_0046366wildtype-treated group (Figure 2C). On the contrary,
there was no reduction in relative luciferase activity in
the pMIR-REPORT-circRNA_0046366-mutant-treated
group with the MRE-lacking vector (Figure 2C). This
suggests that circRNA_0046366 is an antagonist of
miR-34a via targeted, complementary binding.

pathological observations, an enzymatic assay showed
that the TG level of the steatosis group was higher than
that of the normal group (Figure 1B). Compared to the
normal group, the steatosis group exhibited significant
loss of circRNA_0046366 expression (Figure 1C). FASN,
which shares the same precursor mRNA (pre-mRNA)
with circRNA_0046366, showed much higher mRNA
level (7.64 ± 0.54) in the steatosis group in comparison
to that of the normal group (0.98 ± 0.06, P < 0.0001).
An inverse correlation between circRNA_0046366
expression and hepatocellular TG level (r = -0.73, P
= 0.03; Figure 1D) suggested an essential role in the
occurrence of hepatocellular steatosis.

circRNA_0046366 functioned as antagonist of miR-34a

circRNA_0046366 up-regulation rescued PPARα
expression via miR-34a inactivation

Five miRNAs (miR-34a, miR-513a-5p, miR-646, miR892a and miR-1265) were predicted to be the targets
of circRNA_0046366, using the algorithms of base
complementation between MRE of circRNA and seed
sequence of miRNA (Figure 2A). The intersection of
circRNA_0046366-targeted miRNAs and hepaticsteatosis-related miRNAs recognized those that
mediated the regulatory effect of circRNA_0046366
on hepatic steatogenesis. miR-34a was the only target
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HepG2 cells were exposed to transfection of
circRNA_0046366-carrying expression vector, which
led to normalization of circRNA level, on the condition
of FFA culture (Figure 2D). miR-34a was inactivated
by circRNA_0046366-dependent antagonism. Because
of the approximately stable level of intracellular
circRNA_0046366 (Figure 2E), pharmacological effect
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could be yielded from the miR-34a inactivation.
Bioinformatic analysis showed that miR-34a had a major
impact on metabolic signaling pathways (hsa01100),
pathways in cancer (hsa05200), Rap1 signaling pathway
(hsa04015), PI3K/Akt signaling pathway (hsa04151),
and miRNAs in cancer (hsa05206) (Figure 3A). Some
of these metabolic pathways were shown to mediate
the steatosis-inducing action of miR-34a. Gene inte
raction analysis subsequently revealed that PPARα,
the high-affinity target of miR-34a, controlled multiple
lipometabolic genes by transcriptional induction (Figure
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3B). Thus, circRNA_0046366 is proposed to modulate
hepatocellular steatosis through the miR-34a/PPARα
regulatory system.
miR-34a-induced PPARα inhibition was one of the
critical manifestations of hepatocellular steatosis (Figure
3C and D). A significant increase in PPARα, at both
transcriptional and translational levels, characterized
the circRNA and circRNA+mimics NC groups with
circRNA_0046366 normalization (Figure 3C and D).
However, saturated binding of circRNA_0046366
and miR-34a prevented PPARα restoration in the
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circRNA+mimics group (Figure 3C and D). These
findings showed that circRNA_0046366 rescued PPARα
expression, mainly by abolishing the inhibitory effect of
miR-34a.

with the gene expression. Compared to the normal
group, reduction of hepatocellular TG level dominated
the groups with regaining of lipid homeostasis (steatosis
group vs circRNA group: 368.73 ± 46.16 μmol/g vs
215.13 ± 26.42 μmol/g protein, P < 0.01; steatosis
group vs circRNA+mimics NC group: 368.73 ± 46.16
μmol/g vs 227.40 ± 54.06 μmol/g protein, P < 0.05)
(Figure 4J).
Pathophysiological alleviation was achieved from
disruption of TG deposition. The groups with dimini
shed TG content (circRNA and circRNA+mimics NC),
instead of those without alteration (steatosis, control,
and circRNA+mimics), lacked cytoplasmic lipid droplets
under treatment with oleate and palmitate (Figure
4K). Therefore, attenuation of hepatocellular steatosis
was verified after circRNA_0046366-based miR-34a
antagonism and restoration of lipid metabolism via the
miR-34a-related PPAR signaling.

PPARα restoration promoted transcriptional activation
of lipometabolic genes

Resulting from the circRNA_0046366 loss, PPARα
repression took place in steatotic cells upon miR34a activation. The PPARα deficiency abrogated its
transcriptional regulation of multiple genes associated
with lipid metabolism, especially CPT1A and SLC27A
(Figure 4A-I). Their abnormal expression contributed
to the lipometabolic imbalance, which was largely
responsible for the occurrence of hepatocellular stea
tosis.
In contrast to the abnormal transcription of down
stream genes after FFA exposure (steatosis, control,
and circRNA+mimics groups), circRNA_0046366-based
PPARα restoration brought about improvement in their
expression in both circRNA and circRNA+mimics NC
groups (Figure 4B-H). TG metabolic genes (CPT1A
and SLC27A) among these exhibited significant
up-regulation of mRNA levels (Figure 4G and H).
Consequently, the transcription-promoting effect of
PPARα gave rise to obvious elevation of hepatocellular
CPT1A and SLC27A, with similar levels to those in
the normal group (Figure 4I). Thereby, a resolution
of the steatosis-related lipid dysmetabolism could be
achieved.

DISCUSSION
circRNA has recently been discovered to serve as a
novel, yet crucial, component of epigenetic regulation
[14]
of miRNA-mRNA interaction . Its antagonistic effect
against miRNA is one of its most important mecha
nisms related to physiological functions (e.g., insulin
[37,38]
production and cartilage degradation)
and various
diseases (e.g., Alzheimer’s disease, colorectal cancer,
ischemia-reperfusion injury, and hypertrophic heart
[24,34,39-41]
failure)
. In the present study, prominent loss of
circRNA_0046366 expression characterized the steatotic
HepG2 cells under stimulation with saturated (palmitate)
and polyunsaturated (oleate) fatty acids. In contrast,
the mRNA level of FASN, one of the major determinants
[42]
in de novo lipogenesis , experienced obvious up-

Improvement of lipid metabolism ameliorated
hepatocellular steatosis by TG reduction

Biochemical analysis highlighted an overview of the
lipometabolic improvements that were in agreement
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Figure 4 PPARα normalization improved hepatocellular steatosis by transcriptional promotion of lipometabolic genes. A: PPARα restoration by
circRNA-0046366 promoted expression of CPT1A and SLC27A at the transcriptional level; B: Transcriptional activation of CPT1A and SLC27A resulted in their
significant up-regulation. Improved expression of lipometabolic genes reduced the TG level (C) and attenuated hepatocellular steatosis (D) (200 ×). Results are
expressed as mean ± SD. aP < 0.05, bP < 0.01. PPAR: Peroxisome proliferator-activated receptor; TG: Triglyceride.
[44-46]

regulation on condition of fatty acids exposure. Being
the products of alternative splicing, circRNA_0046366
and FASN share a common pre-mRNA. Thus, increase
in FASN transcription hampers the circRNA_0046366
production by the competitive effect in alternative
splicing. Some surprising results even confirmed that
circRNA_0046366 level significantly correlated with total
TG content in an inverse manner. circRNA_0046366
dysregulation is, therefore, suggested to play an essen
tial, perhaps miRNA-antagonizing, role in FFA-induced
hepatocellular steatosis.
To investigate the actions of circRNA_0046366
underlying hepatocellular steatosis, target prediction
and key-miRNA mining were performed on the basis
of base-complementation algorithms and miRNA[28,43]
set intersection, respectively
. miR-34a is a well[20]
established miRNA with lipogenic properties , and
it was the only candidate target of circRNA_0046366
that was associated with steatosis-related lipid
dysmetabolism. Dual-luciferase reporter assay provided
further evidence for the circRNA_0046366/miR-34a
interaction. In contrast to cotransfection of miR-34a with
reporter vector containing mutant circRNA_0046366,
miR-34a demonstrated a complementary effect on
wild-type circRNA_0046366 by a decrease in firefly/
Renilla luciferase activity. The results of bioinformatic
and functional analysis highlight that circRNA_0046366
is a miR-34a-specific antagonist. Because of its
multiple-targeted characteristics, miR-34 facilitates a
subtle antagonism of steatosis-related miRNA/mRNA
interaction by relative limited circRNA_0046366 on a
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basis of competitive binding
.
Targetome and targetome-based pathway analyses
of miR-34a were integrated to uncover the downstream
signaling and related functions of circRNA_0046366 in
[47,48]
a miRNA-dependent way
. As a result of the topranking enrichment, metabolic pathway hsa01100
was identified as a key signaling pathway that was
influenced by circRNA_0046366. circRNA_0046366
focuses its impact on metabolic process, especially
lipid metabolism. PPARα, a transcription factor of the
NR1C nuclear receptor subfamily, has recently been
[20]
identified as a direct target of miR-34a . This kind
of liver-specific, ligand-activated isoform of the PPAR
family induces the expression of multiple genes with
[29]
lipometabolic characteristics . Lack of PPARα in obese
patients confers a high risk of insulin resistance, n-3
long-chain polyunsaturated fatty acid depletion, and
[49]
liver steatogenesis . Increasing evidence suggests a
miR-34a/PPARα regulatory system, which acts as the
crucial mediator of the actions of circRNA_0046366 in
hepatocellular lipid metabolism (Figure 5).
With the relative stability in expressive dynamics,
normalized circRNA_0046366 brought about anta
gonistic inactivation of miR-34a in the circRNA and
circRNA+mimics NC groups in our study. PPARα upregulation within these groups occurred as a result
of diminished miR-34a-induced gene inhibition. This
counteracting role of circRNA_0046366 against the
miR-34a/PPARα regulatory system is supposed to
expressively activate the lipometabolic genes and,
in turn, rescue hepatic lipid homeostasis. Indeed,
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Figure 5 Schematic representation exhibits the circRNA_0046366/miR-34a/PPARα axis underlying occurrence and resolution of hepatocellular steatosis.
In contrast to the hepatic steatogenesis that occurs upon its deficiency, circRNA_0046366 restoration abrogates the inhibitory effect of miR-34a on PPARα by
antagonizing the miRNA-mRNA interaction. PPARα normalization transcriptionally activates the lipometabolic genes, which further ameliorates hepatic steatosis by
regaining lipid homeostasis. mi: Micro; PPAR: Peroxisome proliferator-activated receptor.

circRNA_0046366 treatment dramatically increased
both CPT1A and SLC27A, the key genes downstream
[50]
to PPARα , at transcriptional and translational levels.
CPT1a is located on the liver mitochondrial outer
membrane and forms a hexamer fatty acid transfer
[51]
complex , and functions as the rate-limiting enzyme
[52]
of fatty acid β-oxidation . CPT1A deficiency gives rise
to impairment of long-chain fatty acid oxidation and
ketogenesis, which are involved in the occurrence of
[53,54]
hepatic steatosis
. In contrast to the insufficient
expression of CPT1A during steatogenesis, PPARα
agonists reduce lipid accumulation in close association
[55]
with up-regulated CPT1A concentration . SLC27A, also
known as fatty acid transport protein (FATP)4, reflects
another liver-dominant, evolutionarily conserved PPARα
target that takes central place in the cellular uptake
and metabolism of long-chain and very long-chain
[56,57]
fatty acids
. Lowered SLC27A level facilitates fat
deposition via the reduction of CPT1A-mediated fatty
[58]
acid oxidation . A similar phenomenon has been
verified in FATP4-deficient animals with aggravated liver
[59]
fatty degeneration under high-fat diet . Therefore,
restoration of CPT1A and SLC27A seen in the present
study could counterbalance lipid metabolism by
increasing activity of lipolytic catalyzation.
As defined by the colorimetric detection assay,
regaining of lipid homeostasis with reduced intracellular
TG content was validated in groups with expressionrescued lipolytic enzymes (circRNA and circRNA+mimics
NC) compared with those without enough catalytic lipid
oxidation (steatosis, control and circRNA+mimics).
Disruption of glycerol-esterified neutral fat accumulation
improved the pathophysiological outcome in conditions
of high-fat culture. In contrast to those in the TG-enriched
groups, HepG2 cells in the circRNA and circRNA+mimics
NC groups showed a dramatic decrease in cytoplasmic
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lipid droplets in parallel with TG down-regulation.
Finally, they were protected from lipotoxicity-stimulated
phenotypic transition toward hepatocellular steatosis.

ARTICLEHighlights
HIGHLIGHTS
Article
Research background

Hepatic steatosis reflects one of the most common chronic liver diseases with
hepatocyte-specific lipid dysmetabolism and triglyceride (TG) accumulation.
Its close association to steatohepatitis, metabolic syndrome, and extrahepatic
diseases (i.e., cardiovascular events, cerebrovascular diseases, cancers)
indicates an importance for clinical interference. Micro (mi)R-34a is now
confirmed to underlie the hepatic steatosis. However, the ambiguity in miR34a-specific antagonist keeps hepatic steatosis from effective therapy. Circular
(circ)RNA has recently been determined to interact with miRNA, mainly on the
basis of complementation between miRNA response element (MRE) of circRNA
and ‘seed sequence’ of miRNA. This circRNA/miRNA interaction abolishes the
inhibitory effect of miRNA on its targets. circRNA, therefore, is highlighted to
function in a miRNA-antagonizing manner.

Research motivation

Because of its importance in hepatic steatosis, miR-34a represents a critical
target of clinical intervention. miR-34a-targeting antagonist, therefore, is
assessed in our experiments so as to cure hepatosteatotic degeneration on the
basis of miR-34a inactivation.

Research objectives

Serving as the selective sponge of miRNA, circRNA is exposed to bioinformatical
and functional analysis for a purpose of uncovering the antagonist specific to
miR-34a.

Research methods

To shed light on the antagonistic effect of circRNA against miR-34a, investi
gation of miR-34a-targeting circRNA was carried out by MRE recognization
and dual-luciferase reporter assay. The filtered circRNA was then subjected
to functional study in HepG2-based experimental steatosis induced highfat stimulation. In detail, rescue experiment, real-time quantitative PCR, and
western blot demonstrated the impact of circRNA on miR-34a, peroxisome
proliferator-activated receptor (PPAR)α, and transcriptional downstream genes.
Both triglyceride (TG) quantification and cytopathologic assessment revealed
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the steatosis-related outcome of circRNA administration.

Research results

circRNA_0046366 loss reflects the epigenetic characteristics of high fat-induced
hepatocellular steatosis. Both bioinformatical and functional proofs indicate
a circRNA_0046366-dependent miR-34a inactivation by the complementary
antagonism. Dramatically, circRNA_0046366 up-regulation abolishes the
inhibitory effect of miR-34a on PPARα. PPARα restoration further promotes
the transcriptional activity of downstream genes, which improves the steatosisrelated TG metabolism. In conclusion, the circRNA_0046366 administration
leads to a significant attenuation of TG accumulation, and finally alleviates the
hepatosteatotic phenotype with decreased cytoplasmic lipid droplets.

12

13
14

Research conclusions

15

The present study identifies great importance of circRNA_0046366/miR-34a/
PPARα signaling in hepatocellular steatosis. circRNA_0046366 may act as a
potential agent in the clinical interference of hepatic steatosis.

16

Research perspectives

The role of circRNA_0046366 in hepatocellular steatosis qualifies it for further
evaluation in experimental hepatic steatosis with different etiologies (i.e.,
high-fat high-cholesterol diet, high-fat high-fructose diet, methionine and
choline-deficient diet). These results could provide substantial evidence for
circRNA_0046366-related prevention and therapy of hepatic steatosis.
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Abstract

Institutional animal care and use committee statement:
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by the Animal Ethics and Welfare Committee of Tianjin Medical
University.

AIM
To evaluate the effect of Lactobacillus rhamnosus GG
supernatant (LGG-s) on the expression of serotonin
transporter (SERT) in rats with post-infectious irritable

Conflict-of-interest statement: The authors declare that they

WJG|www.wjgnet.com

338

January 21, 2018|Volume 24|Issue 3|

Cao YN et al . Effect of LGG-s on SERT expression in PI-IBS rats

bowel syndrome (PI-IBS).

Cao YN, Feng LJ, Liu YY, Jiang K, Zhang MJ, Gu YX, Wang BM,
Gao J, Wang ZL, Wang YM. Effect of Lactobacillus rhamnosus
GG supernatant on serotonin transporter expression in rats with
post-infectious irritable bowel syndrome. World J Gastroenterol
2018; 24(3): 338-350 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i3/338.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i3.338

METHODS

Campylobacter jejuni 81-176 (1010 CFU/ml) was used

to induce intestinal infection to develop a PI-IBS
model. After evaluation of the post-infectious phase
by biochemical tests, DNA agarose gel electropho
resis, abdominal withdrawal reflex (AWR) test, and
the intestinal motility test, four PI-IBS groups received
different concentrations of LGG-s for 4 wk. The treat
ments were maintained for 1.0, 2.0, 3.0 or 4.0 wk
during the experiment, and the colons and brains were
removed for later use each week. SERT mRNA and
protein levels were detected by real-time PCR and
Western blot, respectively.

INTRODUCTION
Irritable bowel syndrome (IBS) is a common functional
gastrointestinal disorder (FGD), annually affecting
[1-5]
12% to 30% of the population worldwide . IBS can
be divided into four subtypes, namely, IBS with con
stipation (IBS-C), IBS with diarrhea (IBS-D), mixed[6-8]
type IBS (IBS-M), and untyped IBS (IBS-U) . Acute
infectious gastroenteritis (IGE) is an important risk factor
for developing IBS, with 5% to 31% of the patients
[9-12]
developing post-infectious IBS (PI-IBS)
. Recent
reports indicate that abnormalities in serotonergic sig
naling systems are involved in the development of PIIBS, particularly those affecting serotonin (5-HT) levels
[13-15]
in the gastrointestinal tract
.
As a signal transducer and neurotransmitter, 5-HT
modulates intestinal fluid secretion, gut motility, and
[16]
gastrointestinal sensation . Serotonin transporter
(SERT) is a universally existing transmembrane transport
[15,17]
protein that plays a key role in 5-HT reuptake
.
SERT has two important polymorphic areas. The first is
named 5-HT-transportergene-linked polymorphic region
(5-HTTLPR), which is located in the regulatory region
[18]
of its gene (SLC6A4; chromosome 17q11.1-q12) .
The most frequently studied variant is subdivided into
[19,20]
long (L) and short (S) alleles
. The transcriptional
efficiency of the L/L genotype is significantly higher than
[21]
that of the L/S and S/S genotypes . Furthermore, the
frequency of the L/L genotype in C-IBS was significantly
higher than that in D-IBS, and the S/S genotype is
[21-24]
higher in D-IBS
. In other words, the expression
of SERT is higher in C-IBS, and lower in D-IBS. The
second is named STin2, which is also called variable
[25]
number tandem repeats (VNTR). Wang et al
have
found a higher ratio of STin2.12/10 and a lower ratio of
STin2.12/12 in IBS patients, and there were no significant
differences between different subtypes. However, a
small-scale study on SERT in PI-IBS, conducted by
[26]
Wheatcroft et al , showed that SERT expression was
reduced in PI-IBS patients.
Lactobacillus rhamnosus GG (LGG) is the best
studied member of the lactic acid bacteria and is known
[27]
to have positive effects on human health . Probiotics
such as LGG are potential treatment options in patients
[28]
with IBS . LGG could exclude pathogens, promote
[29]
mucosal immunity against Salmonella infection , and
reduce the rotavirus-related diarrhea by increasing
[30]
the levels of interferon-γ (IFN-γ) . The ESPGHAN
Working Group recommends using LGG for preventing

RESULTS
The levels of SERT mRNA and protein in intestinal
tissue were higher in rats treated with LGG-s than in
control rats and PI-IBS rats gavaged with PBS during
the whole study. Undiluted LGG-s up-regulated SERT
mRNA level by 2.67 times compared with the control
group by week 2, and SERT mRNA expression kept
increasing later. Double-diluted LGG-s was similar
to undiluted-LGG-s, resulting in high levels of SERT
mRNA. Triple-diluted LGG-s up-regulated SERT mRNA
expression level by 6.9-times compared with the control
group, but SERT mRNA expression decreased rapidly
at the end of the second week. At the first week, SERT
protein levels were basically comparable in rats treated
with undiluted LGG-s, double-diluted LGG-s, and triplediluted LGG-s, which were higher than those in the
control group and PBS-treated PI-IBS group. SERT
protein levels in the intestine were also comparable
in rats treated with undiluted LGG-s, double-diluted
LGG-s, and triple-diluted LGG-s by the second and third
weeks. SERT mRNA and protein levels in the brain
had no statistical difference in the groups during the
experiment.
CONCLUSION
LGG-s can up-regulate SERT mRNA and protein levels
in intestinal tissue but has no influence in brain tissue
in rats with PI-IBS.
Key words: serotonin transporter; intestinal infection;

Lactobacillus rhamnosus supernatant; Irritable bowel
syndrome

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

Core tip: There are few reports on the effect of the
supernatant of Lactobacillus rhamnosus GG (LGG) on
serotonin transporter (SERT) expression in rats with
post-infectious irritable bowel syndrome (PI-IBS). An
experimental rat model of PI-IBS was developed by
Campylobacter jejuni infection. SERT levels in intestinal
and brain tissues were detected to evaluate the effect
of LGG-s.
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[31]

nosocomial diarrhea . Furthermore, LGG reduces the
frequency and severity of abdominal pain in children
[32]
with IBS , along with improving disease severity,
[33]
especially in IBS-D and IBS-A subtypes .
Our previous study had confirmed that Lactobacillus
rhamnosus GG supernatant (LGG-s) could up-regulate
SERT mRNA and protein levels in intestinal epithelial
[34]
cells and mouse intestinal tissues . The aim of this
study was to investigate the effects of LGG-s on the
expression of SERT mRNA and SERT protein (SERT-P)
in the colon and brain in a rat model of PI-IBS.

score of faeces, faster intestinal transit, and visceral
hypersensitivity, they were considered to enter the
post-infectious phase as PI-IBS.
After the model evaluation, the rats were regrouped;
the control group was designated as M (n = 20) and
given PBS, and the PI-IBS model group was divided into
four groups and given PBS, undiluted LGG-s, double
diluted LGG-s, and triple diluted LGG-s, respectively
(A, B, C and D, respectively, n = 20) through a gavage
[34]
needle . PBS or LGG-s was administered at 2 ml/d/
per rat, and the treatments were maintained for 1.0,
2.0, 3.0 or 4.0 wk during the experiment. Five rats of
each group were sacrificed; the colons and brains were
removed for later use each week.
During all experiments, housing and diet conditions
were the same for all groups. Rats infected with C.
jejuni were housed in another room to prevent crosscontamination from infected to uninfected. The protocol
was approved by the Animal Use and Care Committee
of Tianjin Medical University (Figure 1).

MATERIALS AND METHODS
Bacterial culture, LGG-s, and Campylobacter jejuni

LGG [53103, American Type Culture Collection (ATCC),
United States] was incubated in Lactobacillus MRS
broth (Oxoid CM0359) at 37 ℃ for 24 h, according to
ATCC guidelines, diluted in MRS broth, and cultured
again at 37 ℃ to reach log phase with the density
[34]
determined as 0.5 at A600 . The culture suspension
was centrifuged at 4000 g for 15 min, then the su
pernatant was collected and filtered through 0.20-μm
[35]
filters .
C. jejuni 81-176 (BAA-2151, ATCC, United States)
was grown on Skirrow’s selective medium (Columbia
Agar Base, Oxoid CM0331, supplemented with 5%
sheep blood and Campylobacter selective supplement,
Oxoid SR0117) at 42 ℃ under micro-aerobic conditions
for 24 h. The bacterial colony was obtained with an
inoculating loop and diluted in phosphate buffered
solution (PBS), until the concentration reached 1.0 ×
10
10 CFU/ml. The preliminary experiments showed that
10
the concentration of 10 CFU/mL achieved a higher
diarrhea rate, visceral hypersensitivity, and serious
clinical symptoms. Bacterial concentrations were
measured with a spectrophotometer (TECAN infinite
[36]
M200 PRO, Switzerland) .

Campylobacter gavage

Before the infection, all rats received 1 mL of 5% (w/v)
bicarbonate solution via a ball-tipped inoculating needle
to neutralize the gastric acid. Thirty minutes later, C.
jejuni in 2 ml of PBS was given to the PI-IBS model
[37]
group and 2 mL of sterile PBS to the control group .

Assessment of acute colonization by C. jejuni

The fresh stool specimens were cultured for the
presence of C. jejuni on Campylobacter selective
agar plates using biochemical tests and DNA agarose
gel electrophoresis, and the general condition, body
weight, and relative content of stool water were
rd
th
th
th
nd
observed or tested on the 3 , 7 , 14 , 28 , 42 ,
th
th
56 , and 70 days after gavage. Successful intestinal
colonization was defined by the detection of C. jejuni
in stool at least once, and clearance of infection was
defined by two consecutive tests with negative culture.
Biochemical tests contain catalase test, oxidase test,
hippurate hydrolysis test, and 3-indoylacetate hydrolysis
test (GB 4789.9-2014, China). Total DNA was extracted
using a Campylobacter Nucleic Acid Test Kit (ZCCAMPY-003, Kangda Zhongchuang Biotechnology Co.
LTD, China) and tested by agarose gel electrophoresis.
For measuring the relative content of stool water,
fresh stools were obtained from rats under manual
restraint by spontaneous or perianal-stimulated de
fecation, weighed, and then dried at 50 ℃ for 72 h
followed by room temperature for 48 h. Dry stools were
weighed again to determine the percent wet weight of
stool.

Animal studies

The study was performed on male Sprague-Dawley
rats (aged between 7 and 8 wk) obtained from
Laboratory Animal Center of Chinese People’s Liberation
Army General Hospital (Beijing, China). The rats were
kept under the following conditions: the temperature of
23 ℃ ± 1 ℃, a 12h/12 h light/dark cycle (lighting from
08:00 to 20:00), and free access to a sterile diet. The
rats were then divided into two groups. The first group
of rats were designated as the control group (n = 25,
normal and healthy), which was given PBS (2 ml/d per
rat), and another group as the model group of PI-IBS
10
(n = 85), which was given C. jejuni (10 CFU/ml, 2
ml/d per rat) through an intra-gastric needle (Thermo
Fisher Scientific, Hampton, United States). The gavage
continued for 7 d. Then, the stool culture, body weight
of the rats, and relative content of stool water were
tested to evaluate the phase of infection.
If the rats get rid of infection with a higher Bristol
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Determination of PI-IBS

In the case of two consecutive tests with negative
culture, rats were considered to get rid of infection. Rats
without infection were kept separately from infected
rats. After all of the rats no longer had detectable C.
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Adult male SD rat
(n = 110)

PBS gavage 2 mL/d, 7 d

C. Jejuni gavage 2 mL/d, 7 d

Control group
n = 25

PI-IBS model group
n = 85

One died with
gavage trauma

Model evaluation
(control group n = 5; PI-IBS group n = 4, randomly)

PBS gavage 2 mL/d

Control group
(M, n = 20)

PBS gavage 2 mL/d

PI-IBS PBS group
(A, n = 20)

Undiluted LGG-s
gavage 2 mL/d

Double diluted LGG-s
gavage 2 mL/d

Triple diluted LGG-s
gavage 2 mL/d

PI-IBS LGG-s group
(C, n = 20)

PI-IBS LGG-s group
(B, n = 20)

PI-IBS LGG-s group
(D, n = 20)

Figure 1 Experimental flow chart.

jejuni in the stool, they were considered to be in the
post-infectious time period. Fresh stool was collected
for 3 consecutive days from all rats and graded by
[38]
a modified Bristol Stool score . Normal stool was
graded as 1, soft and poorly formed stool graded as 2,
and watery stool as 3. Five rats from the control group
and four from the model group were randomly chosen
to perform the tests. Visceral hypersensitivity was
evaluated by abdominal withdrawal reflex (AWR) test,
and the intestinal motility was detected.
AWR experiment was done as previously repor
[39]
ted . Rats were fasted for 18 h before the test was
performed. The night before AWR, balloons (7-8
mm diameter) were inflated overnight to stretch the
latex, then the balloons became compliant. Following
anesthesia by ether inhalation, a balloon coated with
paraffin oil was inserted into the rectum with the tail of
the balloon, 1 cm from the anus, fixed at the base of the
tail. The balloon was connected via a double barreled
cannula, with one joint connected to the air pump and
another connected to the pressure gauge. Rats were
given 30 min to accommodate the environment. Then,
the balloon was distended at the pressures of 20, 40,
60 and 80 mmHg. Distention was sustained for 15 s,
at intervals of 10 min. The distention was performed
three times at each pressure, and the AWR scores were
recorded. AWR was done by researchers who had no
understanding of the experiment.
Intestinal motility was detected by activated carbon
solution gavage. Before the experiment, rats were
fasted for 24 h and then given 2 ml of 10% activated
carbon solution through an inoculating needle. After 50
min, rats were sacrificed by cervical dislocation. Then,
a laparotomy was performed, and the whole bowel
was taken out and moistened with PBS. The bowel
was freely flattened on the table. The length of the
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bowel along which it contains the activated carbon and
the length of the whole bowel were measured, and the
ratio of these two lengths was taken as the intestinal
[40]
transit rate (ITR) .

Real-time polymerase chain reaction

To evaluate the levels of SERT mRNA after treatment
with LGG-s, colon and brain samples were harvested.
Rats were sacrificed by cervical dislocation, and
total RNA was prepared from 50 mg of tissue from
each rat with Trizol, according to the manufacturer’s
instructions (Life, Hilden, Germany). An iScriptcDNA
synthesis kit (Bio-Rad Laboratories, Inc., Hercules,
CA, United States) was used to synthesize the cDNA.
The PCR were set up in a volume of 20 μl containing
1.0 μl cDNA, 10 μl 2 × iQSYBR Green Supermix
(Roche Applied Science), and 0.6 μL both forward
and reverse primers, replenished with DEPC treated
ddH2O. Quantitative RT-PCR was performed on an
ABI One plus setup PCR thermocycler. The sequences
of primers are given in Table 1. Glyceraldehyde-3phosphate dehydrogenase (GAPDH) was measured
as an internal control. Relative mRNA expression was
-ΔΔCt
calculated using the 2
method.

Western blot analysis

Proteins were extracted from colonic and cerebral
tissues, and protein levels were quantified using a
BCA kit (Beijing Solarbio Science and Technology Co.,
Ltd., Beijing, China), according to the manufacturer’
s instructions. The protein samples were separated
by 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and transferred to a polyvinylidene
fluoride membrane. The membrane was blocked with 5%
nonfat milk, incubated with a primary antibody (SERT
antibody: dilution 1:5000, EPR12735, Abcam Biotech
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th

rats were considered to be rid of infection. At the 42
day, 95% of the C. jejuni rats were no longer infected.
th
th
At the 56 and 70 days, all C. jejuni rats tested
th
negatively. At the 70 day, tests were done to evaluate
the PI-IBS. The 3-d average Bristol score of stool and
the intestinal transit rate were higher in the model
group than in the control group (P < 0.05). AWR score
of rats in the model group was also higher than that
of the control group. However, there was no statistical
difference between the two groups at the pressures of
20 and 80 mmHg (P = 0.12 and 0.06, respectively)
(Figure 3).

Table 1 Primer sequences for RT-PCR
Gene

Sequence (5’-3’)

rGAPDH

Forward: 5’-CCATCAACGACCCCTTCATT-3’
Reverse: 5’-GACCAGCTTCCCATTCTCAG-3’
Forward: 5’-ACTGTTACCAAGATGCCCTG-3’
Reverse: 5’-ATCTTCATTCCTCATCTCCGC-3’

rSERT

rGAPDH: rat glyceraldehyde-3-phosphate dehydrogenase; rSERT: rat
serotonin transporter.

Company, Cambridge, United Kingdom; β-actin: dilution
1:1000, 8457S, Cell Signaling Technology, Boston,
United States) overnight at 4 ℃, and then incubated
with a secondary antibody (dilution 1:10000, BA1054,
Boster Biological Technology Co., Ltd, Wuhan, China) for
1 h at room temperature. The immunoreactive bands
were visualized using an ECL Western Blotting Substrate
(Solarbio Life Sciences Co., Ltd, Beijing, China). β-actin
was used as an internal control.

Effects of LGG-s on SERT mRNA and SERT-P
expression in rat intestinal tissues

For the PI-IBS PBS gavage group (A), the levels of
SERT mRNA expression were lower than those of the
control group (M) throughout the experiment. How
rd
ever, only at the 3 week, SERT mRNA expression in
group A was significantly lower than that in group M
by 0.7-fold (P = 0.023, P < 0.05).
Undiluted LGG-s (B) up-regulated SERT mRNA
expression level by 1.8-fold compared with group A
st
by the 1 week (P = 0.002), and the level was slightly
higher than that of group M (P > 0.05). By the end
nd
of the 2 week, the level of SERT mRNA in group B
was 2.67 times and 3.7 times higher than those in
groups M and A, respectively (P = 0.018 and 0.012,
respectively). SERT mRNA expression in group B
rd
increased continuously, and at the 3 week, it was
4.4-fold, 6.1-fold, and 1.7-fold more than those in
groups M, A, and D (triple diluted LGG-s), respectively
(P = 0.003, 0.003 and 0.028, respectively), although
there was no significant difference between groups
B and C (double diluted LGG-s). By the last week,
the level of SERT mRNA in group B was only 2.1-fold
higher than that in group A (P = 0.016).
Double diluted LGG-s (C) moderately increased
SERT mRNA levels by 1.8-fold compared with group A
st
by the 1 week (P = 0.027). The level of SERT mRNA
in group C was 2.3-fold higher than that of group A
nd
at the 2 week (P = 0.012), and 4.6-and 6.4-fold at
rd
the 3 week, and 1.9-and 2.6-fold at the last week
compared to groups M and A (P = 0.012, 0.009, 0.032,
and 0.011, respectively). However, there was no
statistical significance between groups C and D at the
nd
2 week (P > 0.05).
Triple diluted LGG-s (D) significantly up-regulated
SERT mRNA expression levels by 6.9-, 9.4-, 5.3- and
5.1-fold compared to groups M, A, B, and C at the end
of the first week (P = 0.02, 0.01, 0.002, and 0.002,
respectively), but the level decreased rapidly at the
nd
end of the 2 week. The SERT expression levels were
nd
rd
similar between the 2 week and the 3 week, which
were 2.3- and 2.5-fold higher compared to group M (P
= 0.015 and 0.001, respectively) and 3.1- and 3.5-fold
higher compared to group A (P = 0.009 and 0.028,
respectively).

Statistical analysis

Statistical analyses were carried out using SPSS 22.0
(SPSS, Chicago, IL, United States). Quantitative data
are expressed as mean ± standard deviation. One-way
analysis of variance (ANOVA) and post hoc tests (LSD
and Dunnett’s T3) were used to compare the values
of quantitative RT-PCR. For all analyses, P < 0.05 was
defined as statistical significance.

RESULTS
Campylobacter colonization phase

A total of 110 rats were used in the study, none
showed C. jejuni infection prior to the first gavage (as
determined by stool culture), and all rats inoculated
with C. jejuni exhibited C. jejuni colonization within
3 d after gavage (1 rat died from severe gavage
trauma). Thus, a total of 109 rats (25 control rats and
84 PI-IBS model rats) were included before the model
evaluation.
Three to fourteen days after infection, rats in the
control group had good spirits, normal activity, and
glossy hair. However, rats in the PI-IBS model group
were decadent, indolent, and lackluster. The general
conditions were returned to normal in about 42 d.
The rat weight in the model group was significantly
rd
th
th
lower than that in the control group at the 3 , 7 , 14
th
and 28 days (P < 0.05). After that, the weight in the
model group was still lower than that in the control
group with no statistical significance (P > 0.05).
The relative content of water in the fresh stool in
the model group was significantly higher than that of
rd
th
th
th
th
the control group at the 3 , 7 , 14 , 28 and 70 days
th
th
(P < 0.05). At the 42 and 56 days, the model group
was a little higher than the control group (Figure 2).

Post-infectious phase

As two consecutive tests resulted in negative culture,
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Figure 2 Assessment of Campylobacter colonization phase. A: Relative content of stool water during the observation period, aP < 0.05 vs control group; B: Body
weight of rats during the observation period, aP < 0.05 vs control group; C: C-1, catalase test; C-2, 3-indoylacetate hydrolysis test; C-3, hippurate hydrolysis test;
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The variation tendency of SERT-P level was similar
to that of SERT mRNA. SERT-P level was lower in
group A than in group M during the whole experiment,
rd
and there was no significant difference only at the 3
week (P = 0.177). SERT-P level was similar between
groups B and A, although it was lower in group B than
st
in all other groups, at the 1 week. SERT-P level was
nd
rd
comparable in groups B, C, and D by the 2 and 3
weeks. SERT-P level was slightly higher in groups B, C,
th
and D than in group M at the 4 week, but there was
no statistical significance (Figure 4).

gastrointestinal tract disorders, which identify about two
thirds of suffers, along with requiring that the pain either
be relieved by defecation or associated with changes in
[8,41,42]
stool frequency or/and consistency
. PI-IBS often
exhibits characteristics of diarrhea, and patients often
[9-12]
have a history of acute gastrointestinal infection
.
Many studies showed that infection with C. jejuni strain
[43-45]
correlates with the development of PI-IBS
. C.
jejuni produces a range of toxins including cytolethal
distending toxin, which first produces a secretory dia
rrhea in the small intestine, subsequently invading the
distal ileum and colon to produce an inflammatory
[46]
ileocolitis . Therefore, C. jejuni was used to build a
model of PI-IBS in this study. The mechanisms that
underlie chronic disturbance of gut function are thought
to involve chronic microscopic mucosal inflammation,
visceral hypersensitivity, dysregulation of gut microbiota,
[47-50]
and abnormal neuromuscular function
.
5-HT was found in the gastrointestinal tract and
central nervous system (CNS). It functions both as
a neurotransmitter and as a local hormone in the
[51]
peripheral vascular system in the gut . About 95%
of body 5-HT is found in the gastrointestinal tract, with
90% in enterochromaffin cells (EC cell) and 10% in
[51,52]
serotonergic neurons of myenteric plexus
. As a
signal transducer and neurotransmitter, 5-HT is a key

Effect of LGG-s on SERT mRNA and SERT-P expression
in rat brain tissues

There were no statistical differences in SERT mRNA
or SERT-P expression between the different dilution
concentrations. The levels of SERT mRNA in groups
B, C, and D had a little increase compared to groups
st
M and A at the 1 week, but turned lower at the last
week. Double diluted LGG-s resulted in a minuscule
rd
increase in SERT-P at the 3 week, which declined at
the end of the study (Figure 5).

DISCUSSION
According to the Rome Ⅳ criteria, IBS is one of the lower
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molecule, regulating visceral perception and intestinal
[53]
motility . 5-HT exerts its action by binding to its
receptors (5-HT1 to 5-HT7) present in both intrinsic and
[54]
extrinsic primary afferent neurons . Serotonin receptors
that are known to affect gut motor functions are those
[55-57]
belonging to the 5-HT1, 2, 3, 4 and 7 subtypes
. 5-HT
receptors contract effector cells when bound by 5-HT2A
[58]
and relax cells by 5-HT4 and 5-HT7 subtypes . Neuronal
5-HT3 leads to increased release of acetylcholine from
[52]
cholinergic neurons . The release of 5-HT acting on
effector cells leads to secretory reflexes, peristaltic
reflexes, and if superfluous, diarrhea, abdominal
[59]
pain, or visceral hypersensitivity . Clinical trials have
[60-62]
shown an increased level of 5-HT in IBS
. Serotonin
reuptake transporter (SERT) plays an irreplaceable role
in 5-HT inactivation by decreasing the content of 5-HT
[63]
in the synaptic cleft . SERT on the cell membrane of
enterocytes is vital to transport 5-HT into the cell, with
[64]
5-HT metabolized by monoamine oxidase . SERT
was expressed by nearly all of the intestinal epithelial
[65]
cells on the surface of the lumen . Biochemical
abnormalities in PI-IBS patients including hyperplasia
of the EC cells and depressed 5-hydroxyindole acetic
[44]
acid/5-HT ratio suggested impaired SERT function .
Many researchers have demonstrated that IBS patients
have a remarkably lower level of SERT expression in
[66]
[17]
the intestine . Coates et al
first demonstrated a
significantly decreased level of SERT in IBS.
SERT expression can be regulated by a series of
factors, such as gene polymorphisms, microRNAs, immu
[67]
nity, inflammation, gut microbiota, and growth factors .
[19]
The SERT gene, SLC6A4, containing 5-HTTLPR , VNTR
[68]
STin2 , and functional single nucleotide polymorphisms
(SNPs), has a positive association with etiology of
[69]
IBS . 5-HTTLPR is the most frequently studied, which
[19]
is subdivided into long (L) and short (S) alleles .
Previous studies found that the frequency of L/L geno
type is significantly higher in C-IBS than those of L/S
[21]
and S/S genotypes . VNTR showed a higher ratio of
[25]
STin2.12/10 and a lower ratio of STin2.12/12 in IBS .
Immune activation of the gut mucosa plays a
critical role in EC cell hyperplasia and reduced SERT
[70,71]
[72]
activity in PI-IBS
. Foley et al
found that SERT
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mRNA had a lower level in D-IBS, which was correlated
with increased numbers of mucosal intraepithelial lym
phocytes and mast cells. Pro-inflammatory mediators,
such as IFN-γ and tumor necrosis factor-α, reduce the
expression of SERT mRNA, SERT-P, and SERT function
[72]
in Caco-2 cells . However, a protective cytokine,
transforming growth factor-β1, could rapidly activate
SERT activity and inhibit intestinal inﬂammation via
[73]
PI3K and syntaxin 3 . The acute infection of C. jejuni
produces diarrhea in the small intestine, and leads to
the inflammatory response, which increases the ratio
of pro-/anti-inflammatory factors. In other words, the
SERT mRNA and SERT-P levels in intestinal tissues
were significantly decreased in the PI-IBS PBS group
than in controls. The highest concentration of LGG-s
did not induce the highest expression of SERT, which is
inconsistent with a previous study which found a dose[34]
dependent up-regulation of expression of SERT . This
may due to the differences in the contents of various
substances (proteins, fatty acids, inorganic salts, etc.)
in the supernatant, which, combined with previous C.
jejuni infection, could lead to different immune activation.
In addition, gut host-microbial interactions are
important factors in IBS. Studies have found that
Lactobacillus, Bifidobacterium, Actinobacteria, and
[74-76]
Bacteroidetes were decreased
, while Proteo
bacteria, Firmicutes, and Firmicutes/Bacteroidetes
ratios were increased in fecal samples of IBS-D
[77]
patients . Enteropathogenic E. coli and E. coli Nissle
1917 could decrease SERT mRNA and increase 5-HT
[78,79]
bioavailability
. Our previous study proved that
LGG-s could up-regulate the SERT mRNA and SERT-P
[34]
levels in enterocytes and mouse intestinal tissues .
In this study, we also proved that LGG-s had a positive
effect on SERT expression in colon tissues in PI-IBS
rats. It may provide a novel solution for the treatment
of IBS. Further studies are needed to find whether
LGG-s has any impact on the composition of rat gut
microbiota.
Growth factors, such as epidermal growth factor,
basic fibroblast growth factor, and nerve growth
factor, may be involved in the up-regulation of SERT
[80-82]
expression
. A protein, known as p40, expressed

344

January 21, 2018|Volume 24|Issue 3|

Cao YN et al . Effect of LGG-s on SERT expression in PI-IBS rats

B

10

C

8

c

6
SERT

4

β-actin

2
0

2.0

c

b
M

M

A

B

C

A

B

C

D

Protein levels
(fold change)

SERT mRNA level

A

Week 1

D

1.5

c

c
g

1.0
0.5
0.0

M

A

Week 1

e

SERT
β-actin

1
0

M

A

B

C

D

Week 2
M

A

B

C

d

2.0

d

3
2

M

A

B

C

d

2.5

d
2

SERT
β-actin

c

M

A

B

C

D

Week 3
A

B

d

d
d

C

1.5
1.0
0.5
0.0

D

M

A

B

C

D

C

D

Week 3

Week 3
2.0

2.5
e

SERT

1.5

β-actin

1.0

M

A

B

C

Week 4

0.5
M

A

B

C

D

Protein levels
(fold change)

f

2.0

0.0

D

Week 2

4

M

d

0.5

2.0

0

SERT mRNA level

d

1.0

0.0

D

Protein levels
(fold change)

SERT mRNA level

f

D

1.5

Week 2

6

C

2.5

d
Protein levels
(fold change)

SERT mRNA level

4

B
Week 1

1.5

0.5
0.0

D

h

1.0

M

A

Week 4

B
Week 4

Figure 4 Effect of LGG-s on SERT mRNA and SERT-P expression in rat intestinal tissues. A: SERT mRNA levels at the first, second, third, and fourth weeks;
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[85,86]

by LGG, activates epidermal growth factor receptor
[35]
(EGFR) , which might activate the mechanism of
LGG-s induced up-regulation of SERT expression.
Gender may be another factor. Although IBS is an
universally disease, women are more likely to suffer
[83]
from this illness than men . It has been found that
SERT mRNA levels in the rectal mucosa of women with
IBS-D were higher than those in men. Female SERT
knockout rats showed remarkable visceral hypersensiti
[84]
vity than male rats . However, male animals were also
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[87]

commonly used in PI-IBS research
. Ibeakanma et al
found that brain-gut interactions could exaggerate
peripheral nociceptive signaling in male mice with PIIBS. An experimental model of male mouse induced
by stress or Giardia also showed prominent visceral
[88]
hypersensitivity . As for this study, male rats were
selected to perform the research.
Alterations in the bidirectional interactions between
the gut and the nervous system play an important
role in IBS pathophysiology and symptom generation.
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Communication between the gut and the CNA, both in
the ascending (gut-to-brain) and descending (brain[89]
to-gut) directions, is called the gut-brain axis . Gut
microbes may communicate with the gut-brain axis
via production of neuro-active and neuroendocrine
molecules such as serotonin, aminobutyric acid (GABA),
[90]
histamine, noradrenaline, and adrenaline . Lactobacilli
[91]
can convert glutamate into GABA , and administration
of L. rhamnosus JB-1 to mice altered the patterns
[92]
of GABA receptors in the brain . There is very little
study about the changes of SERT in the CNS. However,
no significant differences were found in SERT expres
sion between the LGG-s treated group and the control
group in this study. It is possible that the signal might
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be prevented from entering the brain by the blood[93]
brain barrier (BBB) . The connections between cells in
the BBB are tighter, which greatly limits the endothelial
permeability via para-cellular and trans-cellular trans
[94]
port pathways . The exchange of substances in the
blood and brain is mainly accomplished by various
[95]
transporters expressed in vascular endothelial cells .
Regulators or neurotransmitters, secreted by LGG, may
lack specific transporters. Because of the BBB, it is
very difficult for 5-HT in the blood to enter the CNS,
whereas 5-HT in the central and peripheral nerves is a
separate system with different functions. Therefore, as
a reuptake transporter, SERT may also be regulated in
different ways. The effect of LGG injected directly into
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analysis of LGG-s is important and urgent.

the brain is still need to be studied.
In conclusion, we found that LGG-s up-regulated
SERT expression in intestinal tissues, but had no
statistical effect in brain tissues in PI-IBS rats. By
decreasing 5-HT levels, LGG-s may be a potential
strategy for helping improve clinical symptoms of IBS.
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Abstract
AIM
To compare the capacity of newly developed epidermal
growth factor receptor (EGFR)-targeted immune
magnetic liposomes (EILs) vs epithelial cell adhesion
molecule (EpCAM) immunomagnetic beads to capture
colorectal circulating tumor cells (CTCs).
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METHODS
EILs were prepared using a two-step method, and the
magnetic and surface characteristics were confirmed.
The efficiency of capturing colorectal CTCs as well
as the specificity were compared between EILs and
EpCAM magnetic beads.
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RESULTS
The obtained EILs had a lipid nanoparticle structure
similar to cell membrane. Improved binding with cancer
cells was seen in EILs compared with the method of
coupling nano/microspheres with antibody. The binding
increased as the contact time extended. Compared
with EpCAM immunomagnetic beads, EILs captured
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more CTCs in peripheral blood from colorectal cancer
patients. The captured cells showed consistency with
clinical diagnosis and pathology. Mutation analysis
showed same results between captured CTCs and
cancer tissues.

adhesion molecule (EpCAM) antibody is used to couple
the magnetic beads in the system. However, EpCAM
[21]
positive cells have been found in healthy persons .
Moreover, epithelial-mesenchymal transition (EMT),
which is vital for metastasis, could result in loss of
[22-26]
epithelial antigens in some CTCs
.
Recently, a new method, in which an EGFR
antibody-coupled magnetic liposome with a bilayer
[27,28]
membrane structure was used, was developed
.
Studies showed that this method had a significant
improvement in cell-capture efficiency owing to its
enhanced interactions between the deformable anti
body receptor-lipid bilayer structure and nanoscale
[29,30]
cellular surface components
. Such a high-affinity
cell assay can be employed to recover cancer cells from
spiked whole-blood samples in a stationary magnetic
[31,32]
separation device
. On the basis of this stationary
cell-capture assay, we hypothesized that further
improvement of cell-capture efficiency can be achieved
by increasing the surface activity sites of magnetic
beads for tumor cells.

CONCLUSION
EGFR antibody-coated magnetic liposomes show high
efficiency and specificity in capturing colorectal CTCs.
Key words: Epidermal growth factor receptor; Immune
magnetic liposomes; Epithelial cell adhesion molecule;
Circulating tumor cells; Colorectal cancer
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: epidermal growth factor receptor-targeted
immune magnetic liposomes (EILs) were prepared by
a two-step method. The binding with capturing tumor
cells (CTCs) in peripheral blood from colorectal cancer
patients was compared between EILs and epithelial cell
adhesion molecule (EpCAM) immunomagnetic beads.
We found that EILs captured more CTCs than EpCAM
immunomagnetic beads with a higher efficiency and
specificity.

MATERIALS AND METHODS
Materials

Kuai JH, Wang Q, Zhang AJ, Zhang JY, Chen ZF, Wu KK, Hu XZ.
Epidermal growth factor receptor-targeted immune magnetic
liposomes capture circulating colorectal tumor cells efficiently.
World J Gastroenterol 2018; 24(3): 351-359 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i3/351.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i3.351

INTRODUCTION

Preparation of EGFR-targeted immune liposomes

Metastasis contributes most to cancer-related deaths
in patients with solid tumors. Mounting evidence sug
gests that circulating tumor cells (CTCs), which can
shed from a primary tumor mass at the earliest stages
of malignant progression, play a critical role in cancer
[1-3]
metastasis . As a “liquid biopsy” for tumor, CTCs
provide an insight into tumor biology in a critical window
[4-7]
where intervention could actually make a difference .
Detection and characterization of CTCs are chall
[8-11]
enging owing to their extreme scarcity in blood
.
Several methods have been evolving, including immun
omagnetic separation based on capture reagent-labeled
magnetic beads, microfluidics-based technologies that
enhance cell-surface contacts, and microfilter devices
[9,12-14]
that isolate CTCs based on size difference
.
However, the sensitivity of the aforementioned methods
relies greatly on the degree of enrichment of CTCs and
[15-18]
current techniques used are far from satisfactory
.
Clinically, the CellSearch System, approved by the
United States Food and Drug Administration recently,
[19,20]
is deemed as the standard method
. Epithelial cell
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Chitosan (molecular weight, 5 × 10 ) was supplied
by Yuhuan Aoxing Biochemistry (Zhejiang, China) with
a deacetylation degree of above 99%. Octadecyl
quaternized carboxymethyl chitosan (OQCMC), hydro
phobic magnetic nanoparticles (BM), and hydrophilic
magnetic nanoparticles (LM) were all prepared in our
lab. All other chemicals were of reagent grade and
were used as received. The study was approved by
local institutional review board and informed consent
was obtained from all recruited patients.

Modified DSPE-PEG-EGFR (1.0 mg) was weighed. After
3.0 mg of 1,2-dioleoyl-sn-glycero-3-phosphocholine
(DOPC), 2.0 mg of OQCMC, and 6.0 mg of cholesterol
(Chol) were dissolved in 5.0 mL of dichloromethane
(CH2Cl2), bare magnetic nanobeads (3 mL) were
added and incubated for 10 min, followed by the
addition of a certain volume of phosphate buffer
solution (PBS, pH = 7.4). The echo probe was used for
phacoemulsification during ice bathing. After formation
of a uniform emulsion, the organic phase was removed
by rotary evaporation. After magnetic separation, PBS
was used for washing for three times. At this stage,
immune magnetic liposomes (IMLs) were obtained.
A certain quantity of IMLs was dispersed in PBS
solution. After that, EDC was added, vortexed, and
incubated for 3 h. After the unreacted coupling agent
was removed, EGFR-targeted immune liposomes (EILs)
were obtained.

Characterization of EILs

The particle size and distribution were determined
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by quasielastic laser light scattering with a Malvern
Zetasizer (Malvern Instruments, United Kingdom) at
25 ℃. About 0.2 mL of EIL suspension were diluted
in 2.5 mL water immediately after preparation. Each
experiment was repeated three times. Zeta potential
was measured using a Malvern Zetasizer (Malvern
Instruments). Zeta limits ranged from -150 to 150
V. The magnetic properties of EILs were determined
through using a vibrating samples magnetometer
(LDJ9600-1, LDJ Electronics Inc., United States).

evenly. Then, 120 μL of EILs were added and incubated
at room temperature for 30 min. The mixture was
mixed once every 10 min and the tube was inserted
into the magnetic separation frame to allow absorbing
for 5 min. After that, the supernatant was removed
and the tube was taken out. The captured CTCs were
washed once with PBS, followed by staining with 30
μL of DAPI, 30 μL of CK19-FITC, and 10 μL of CD45PE in a mixture for 15 min. Deionized water was then
used to wash twice in the magnetic separation frame.
Finally, 30 μL of deionized water was added into the
tube for re-suspending the cells. The blending liquid
was then evenly coated in the center of a slide. After
the liquid drop was dried, the cells were photographed
and counted under a fluorescent microscope.

Recognition of colorectal cancer HT-29 cells by EILs in
vitro
4

HT-29 cells (8 × 10 ) at logarithmic phase were plated
on sterile round cover glasses in a 24-well plate with
0.5 mL of culture medium containing 10% serum
and incubated at 37 ℃ with 5% CO2 overnight. When
cell confluence reached > 70%, 20 μL of fluorescein
(FITC)-labeled EILs were added. After culture for
30 min, the liquid was discarded and the pellet was
washed with PBS three times before shaking for 2 min
once. After that, 4% paraformaldehyde was added
for cell fixation for 20 min, followed by washing with
PBS three times again. Then, DAPI (4′,6-diamidino-2phe-nylindole) dye liquor was added in each well and
incubated for 10 min away from light to stain nuclei.
After washing three times with PBS, the cell membrane
probe Dil was added in each well and incubated for 10
min. After washing three times with PBS, the cover
glasses were removed. The fluorescence decay sealing
agents were adhered on glass slides. The distributions
of the immune magnetic beads inside and outside the
cell membrane were observed under a laser confocal
microscope.

DNA extraction and mutation analysis in CTCs

The captured cells were put into a 10 μL PCR buffer
with proteinase K and incubated at 60 ℃ overnight.
After inactivating proteinase K at 95 ℃ for 10 min,
agarose gel electrophoresis and sequencing were
performed to determine mutations of the KRAS gene.
Meanwhile, DNA extraction from peripheral blood of
seven colorectal cancer patients was performed to
analyze the KRAS mutations.

Statistical analysis

Statistical analyses were performed using Prism soft
ware (GraphPad Software, Inc., La Jolla, CA, United
States). An unpaired Student’s t-test was used to
compare hydrodynamic size, diffuse efficient, and zeta
potential between IMLs and EILs. A paired Student’
s t-test was used to detect differences in the number
of CTCs captured by EpCAM immunomagnetic beads
in comparison with EILs. A P-value < 0.05 was con
sidered statistically significant.

Recognition of CTCs

A three-color immunocytochemistry method was
applied to identify and enumerate CTCs from nonspecifically trapped white blood cells (WBCs). The
markers included PE-labeled anti-CD45 (a marker for
WBCs), FITC-labeled anti-CK19 (Cytokeratin, a protein
marker for epithelial cells), and DAPI for nuclear
staining. Fluorescence microscopy was employed to
quantify DAPI intensity and expression levels of CK19
and CD45 in individual cells. The combined information
was utilized to delineate CTCs (DAPI+/CK+/CD45-,
cell size > 8 µm) from WBCs (DAPI+/CK-/CD45+, size
< 15 µm) and cellular debris (DAPI-).

RESULTS
Process of preparing EILs

A two-step method was used to prepare EILs, which
was achieved through encapsulating hydrophilic or
hydrophobic magnetic nanoparticles into polymeric
surfactant/cholesterol vesicles. Figure 1 illustrates
the preparation procedure. The as-synthesized LM
can be encapsulated into the aqueous core of polyme
ric liposomes. Furthermore, evaporation of organic
solvent can transfer BM into the aqueous phase by
an interfacial process driven by the hydrophobic van
der Waals interactions between the primary alkane of
the stabilizing ligand in oleic acid and the secondary
alkane of the OQCMC. In addition, Chol can modulate
membrane fluidity, elasticity, and permeability by
stabilizing the polymeric liposome system.

Clinical application of CTC capture and identification in
colorectal cancer patients

The CTC capture and identification methods were
similar to those of CellSearch, but manually operated
instead. Specifically, whole blood (7.5 mL) was collected
and centrifuged at 1000 rpm/min for 10 min. After
that, the upper-middle layer was transferred to a new
tube and equal volume of PBS was added and mixed
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Figure 2A shows the hydrodynamic diameters of
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Figure 1 Schematic diagram showing the preparation of epidermal growth factor receptor-targeted immune magnetic liposomes with hydrophilic and
hydrophobic magnetic nanoparticles. EGFR: Epidermal growth factor receptor.

CTCs captured by EILs in patients 1, 2, 4, 5, 6, and 7
were higher than those captured by EpCAM magnetic
balls.

IMLs and EILs. The results indicated that the mean
hydrodynamic size of IMLs was 83.1 ± 1.5 nm, whereas
2
the diffusion coefficient was 1.3758E-14 m /s. The
mean hydrodynamic size of EILs was 104.5 ± 1.3 nm
2
with a diffusion coefficient of 1.5870E-14 m /s.
After encapsulating with OQCMC/Chol polymeric
liposomes, the surface zeta potential of hydrophilic
Fe3O4 nanoparticles could reach +41 mv. After reaction
with EGFR antibody, the surface zeta potential of
IMLs could reach +37 mv. There was no significant
difference in zeta potential between them (Figure 2B).

Mutations analysis in CTCs

KRAS has been recognized as a marker for diagnosis
and treatment of colorectal cancer. Mutations of KRAS
in CTCs from the seven colorectal cancer patients
were compared. Five of the seven DNA samples were
successfully amplified and sequenced. We further
amplified and sequenced their tumor tissue DNA, and
found the results were coincident (Figure 5 and Table 1).

Magnetic and surface characterization of EILs

Figure 2C shows the magnetization curves of IML
and EILs at room temperature. Both samples showed
a typical superparamagnetic behavior without any
hysteresis loop. The saturation magnetization values of
IMLs and EILs were 40 emu/g and 20 emu/g at 300 K,
respectively. The volume fraction of magnetite can be
further increased by increasing the number of layer of
lipid coating.

DISCUSSION
In the current study, we developed new EGFR-targeted
EILs for capturing colorectal CTCs. The EILs obtained
showed similarity to cell membrane and could more
efficiently capture colorectal CTCs compared with
EpCAM immunomagnetic beads.
The higher efficiency of EILs compared to EpCAM
immunomagnetic beads might be explained by the
following facts. First, the obtained IMLs displayed a
lipid nanoparticle structure similar to cell membrane,
[33-35]
which can enhance contact with cancer cells
.
Second, characteristics of the EILs were similar to
those of IMLs (including mean hydrodynamic size,
zeta potential, magnetization curves, and saturation
magnetization value), which suggested that EILs could
[30,32,36]
effectively bind CTC cells
. Third, expression of
[24,37]
EpCAM on CTCs is dynamic
. Some cells might not
express EpCAM and did not get captured using EpCAM
[22,38,39]
immunomagnetic beads
.
However, we should not ignore that in one patient,
the number of CTCs captured by EILs was lower than
that by EpCAM magnetic beads. This patient had stage
I disease and the number of CTCs in the peripheral
blood might be much fewer than those at advanced
stages, which may be below the detection limit of EILs.

Characteristics of CTCs

As shown in Figure 3A, the captured CTCs were
DAPI+/CK+/CD45-, with cell sizes larger than 8 µm,
which are consistent with the CTC criterion. In Figure
3B, the magnetic bead was stained blue by Prussian
blue.

Recognition of CTCs by EpCAM magnetic beads and
EILs

Blood samples from seven colorectal cancer patients
without chemotherapy were collected for CTC capture
analysis. For each patient, 7.5 mL of blood was divided
equally for capturing CTCs by EpCAM magnetic beads
and EILs. The number of CTCs captured by EpCAM
magnetic beads was 15 to 79 and that by EILs was 5
to 181. A significant difference was found between the
two methods. As shown in Figure 4, the numbers of
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Table 1 Comparison of gene mutations detected in DNA from circulating tumor cells and that from tissues
Sample ID

Tumor type

1
2
3
4
5
6
7

CRC
CRC
CRC
CRC
CRC
CRC
CRC

Clinical stage

CTC DNA

Tissue DNA

KRAS Exon 1

KRAS Exon 2

KRAS Exon 1

KRAS Exon 2

WT
WT
NAP
WT
WT
NAP
WT

WT
WT
NAP
WT
WT
NAP
WT

WT
WT
WT
WT
WT
WT
WT

WT
WT
WT
WT
WT
WT
WT

Ⅳ
Ⅲ
Ⅰ
Ⅳ
Ⅳ
Ⅱ
Ⅲ

CTCs: Circulating tumor cells; CRC: Colorectal cancer; WT: Wild type; NAP: Not amplified.
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Intensity (%)
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Size distribution by intensity
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10

5

0
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1
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Intensity (%)
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2

0

B
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1000

C
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2
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Figure 2 Characterization of epidermal growth factor receptor-targeted immune magnetic liposomes. The hydrodynamic diameter (A), zeta potential (B), and
magnetization curves (C) at 300 K of magnetic polymeric liposomes are shown. IML: Immune magnetic liposomes; EGFR: Epidermal growth factor receptor; EILs:
EGFR-targeted immune magnetic liposomes.

WJG|www.wjgnet.com

355

January 21, 2018|Volume 24|Issue 3|

Kuai JH et al . EGFR-targeted liposomes for colorectal CTC capture
HT-29 cells
White field

A

DAPI

10.0 μm

DIL

10.0 μm

10.0 μm

FITC
10.0 μm

Merged
10.0 μm

B

Figure 3 Size of the captured circulating tumor cells and color of stained magnetic beads. A: Localization and distribution of EILs in HT-29 cells. Cells were
cultured in FITC-labeled EILs-containing medium on bottom of a glass dish (35 mm dish with 14 mm bottom wells) for 30 min followed by treatment with DAPI dye and
Dil dye for 5-10 min, separately, and subsequent examination by confocal microscopy; B: Prussian blue staining of EGFR IMLs with HT-29 Cells. (Scale bar: 5 µm).
IMLs: Immune magnetic liposomes; EILs: EGFR-targeted immune magnetic liposomes.

tissues. Considering that KRAS was reported to be
a marker for diagnosis and predicting treatment out
[28,40-42]
comes of colorectal cancer
, the current results
suggested that detecting KRAS mutations in CTCs
through EILs capture might be of practical use.
In 2005, Kullberg and colleagues first reported the
use of magnetic liposomes modified by EGFR antibody
[31]
for drug delivery to cancer cells . Recently, Wang
[43]
et al
found that magnetic liposomes modified by
dual antibody (the nuclear protein Ki-67 and EGFR
antibody) were potentially useful in helping treat tumor
cells with proliferative characteristics. Our current
study further confirmed the feasibility of EILs in cap
turing CTCs. These findings suggested that EGFRtargeted magnetic liposomes might be of more clinical
significance in the future.
There were at least two limitations in this study.
First, the number of patients included in our study
was small. Second, all of the colorectal cancer patients
included in the study were EGFR positive, which might
cause a great bias to our results as a previous study
reported that the sensitivity and specificity of EGFR
were lower than those of EpCAM for colorectal cancer
[44]
[45]
patients . Liu et al also reported that the positive
expression rate of EGFR was only 64% (45/70).
Future studies might include several specific molecular
[46]
targets to improve efficiency . For example, Myung
[47]
et al successfully enhanced tumor cell isolation by a
biomimetic combination of E-selectin and anti-EpCAM.
Besides, combining mechanical and molecular filtration
[48-51]
seems to be another choice to better enrich CTCs
.

EGFR immune liposomes separation
EpCAM immunomagnetic separation
200

CTC number

150

100

50

0

1

2

3

4

5

6

7

Patient ID

Figure 4 The number of circulating tumor cells captured by epithelial
cell adhesion molecule magnetic beads and epidermal growth factor
receptor-targeted immune magnetic liposomes. Side-by-side representation
of circulating tumor cell (CTC) enumeration results obtained from our
integrated CTC-capture method (normalized to 7.5 mL of blood) with EGFR
immune magnetic liposomes and epithelial cell adhesion molecule (EpCAM)
immunomagnetic beads on matched samples from seven patients.

Other factors such as operating mistakes might also be
possible explanations. More studies with larger sample
sizes are needed to validate the current findings.
The feasibility of capturing of CTCs by EILs was
evaluated by mutation analysis, especially the KRAS
gene. Five of the seven DNA samples were successfully
amplified and sequenced. We found that mutations
detected in CTCs were the same as those in tumor
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Captured CTCs
Exon 1

Tumor tissues
Exon 1

G GA G CT G GT G G C GT A
60
70

Exon 2

G GA G CT G GT G G C GT A
60
70

Exon 2

T C G ACA CA G CA G G T CAA G
90
100

T C G A CA CA G CA G G T CA A G
90
100

Figure 5 Gene mutation test of KRAS for captured circulating tumor cells and tumor tissue. CTCs: Circulating tumor cells.
molecule (EpCAM) immunomagnetic beads to capture colorectal circulating
tumor cells (CTCs).

In conclusion, we designed a new CTC-capture
platform that combines a high-affinity cell enrichment
assay based on cell capture agent (antibody)-coated
nanostructured substrates and a cell membrane stru
cture capable of improving CTC/substrate contact
frequency. The synergistic effects led to better CTC
capture performance in clinical blood samples compared
with traditional EpCAM immunomagnetic beads. The
significantly improved sensitivity of our new CTC
capture technology might be useful in early detection
of cancer metastasis and isolation of rare populations of
cells.

Research objectives

The main objectives were to compare the capacity of newly developed EILs
vs EpCAM immunomagnetic beads to CTCs. And the significantly improved
sensitivity of our new CTC capture technology might be useful in early detection
of cancer metastasis and isolation of rare populations of cells.

Research methods

EILs were prepared using a two-step method, and the magnetic and surface
characteristics were confirmed. The efficiency and specificity of EILs and
EpCAM magnetic beads in capturing colorectal CTCs were compared.
Statistical analyses were performed using Prism software (GraphPad Software,
Inc., La Jolla, CA, United States). An unpaired Student’s t-test was used to
compare hydrodynamic size, diffuse efficient, and zeta potential between IMLs
and EILs. A paired Student’s t-test was used to detect differences in the number
of CTCs captured by EpCAM immunomagnetic beads in comparison with EILs.
A P-value < 0.05 was considered statistically significant.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Metastasis contributes most to cancer-related deaths in patients with solid
tumors. Mounting evidence suggests that circulating tumor cells (CTCs)
which can shed from a primary tumor mass at the earliest stages of
malignant progression, play a critical role in cancer metastasis. Detection and
characterization of CTCs are challenging owing to their extreme scarcity in
blood. However, the sensitivity of the aforementioned methods relies greatly
on the degree of enrichment of CTCs and current techniques used are far
from satisfactory. Recently, a new method, in which an epidermal growth factor
receptor (EGFR) antibody-coupled magnetic liposome with a bilayer membrane
structure was used, was developed. Studies showed that this method had
a significant improvement in cell-capture efficiency owing to its enhanced
interactions between the deformable antibody receptor-lipid bilayer structure
and nanoscale cellular surface components. Such a high-affinity cell assay can
be employed to recover cancer cells from spiked whole-blood samples in a
stationary magnetic separation device.

Research results

The obtained EILs have a lipid nanoparticle structure similar to cell membrane.
Improved binding with cancer cells was seen in EILs compared with the method
of coupling nano/microspheres with antibody. The binding increased as the
contact time extended. Compared with EpCAM immunomagnetic beads, EILs
captured more CTCs in peripheral blood from colorectal cancer patients. The
captured cells showed consistency with clinical diagnosis and pathology.
Mutation analysis showed same results between captured CTCs and cancer
tissues.

Research conclusions

Improved binding with cancer cells was seen in EILs compared with the method
of coupling nano/microspheres with antibody. EILs were prepared using a twostep method and the magnetic and surface characteristics were confirmed. The
efficiency and specificity in capturing colorectal CTCs were compared between
EILs and EpCAM magnetic beads. EGFR-coated magnetic liposomes showed
high efficiency and specificity in capturing colorectal CTCs. The captured cells

Research motivation

The main topics are to compare the capacity of newly developed EGFRtargeted immune magnetic liposomes (EILs) vs epithelial cell adhesion
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showed consistency with clinical diagnosis and pathology. Mutation analysis
showed same results between captured CTCs and cancer tissues. The
significantly improved sensitivity of our new CTC capture technology might be
useful in early detection of cancer metastasis and isolation of rare populations
of cells.

14

Research perspectives

15

The significantly improved sensitivity of our new CTC capture technology
might be useful in early detection of cancer metastasis and isolation of rare
populations of cells.
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AIM
To investigate the effect of ischaemia and reperfusion
2+
(I/R) injury on the Ca -ATPase activation in the
intestinal tissue of a rat autologous orthotopic liver
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Xu KS, Li HL. Hypoxia preconditioning protects Ca2+-ATPase
activation of intestinal mucosal cells against R/I injury in a
rat liver transplantation model. World J Gastroenterol 2018;
24(3): 360-370 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i3/360.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i3.360

transplantation model and to determine if hypoxia
preconditioning (HP) therapy induces HIF-1α to protect
rat intestinal tissue against I/R injury.
METHODS
Rats received non-lethal hypoxic preconditioning therapy
to induce HIF-1α expression. We used an autologous
orthotopic liver transplantation model to imitate the
I/R injury in intestinal tissue. Then, we detected the
2+
microstructure changes in small intestinal tissues, Ca ATPase activity, apoptosis, and inflammation within 48
h postoperatively.

INTRODUCTION
During liver transplantation, intestinal ischaemia/
reperfusion (I/R) injury is usually caused by the
blockage of blood flow in the portal vein (PV). The
digestive tract usually plays an important role in the
pathophysiological process of trauma and shock due to
its unique physiological environment, metabolic factors,
network of mucosal blood vessels, and counter-current
exchange mechanism. In particular, intestinal mucosal
I/R injury is associated with systemic inflammatory
response syndrome (SIRS) and multiple organ dys
[1]
function syndrome (MODS) after shock or trauma .
The postoperative recovery of small intestinal mucosa
cells is important in treatment and prognosis.
Under normal circumstances, the intestinal mucosa
plays an important role in maintaining normal barrier
function, absorbing nutrients, and resisting the invasion
[2]
of local bacteria and toxins in the intestine . The inte
stinal villus nutrient vessels resemble a hairpin that sits
at the top of the intestinal villi, and they are extremely
curved. Due to their high metabolism and villus mic
rovascular structure characteristics, the tolerance of
intestinal mucosa cells to I/R injury, especially the top
of the intestinal villus epithelial cells, is much lower
than that in other tissue cells; thus, these cells are
[3]
particularly sensitive to hypo-perfusion . Another
cause of intestinal mucosal damage is the presence
of hypoxia and acidosis in the gastrointestinal tract.
Therefore, the intestinal villi can undergo ischaemic
damage.
Non-lethal hypoxic preconditioning (HP) can increase
tolerance to I/R injury and is effective in reducing
[4]
damage to a variety of organs , including the liver and
[5]
kidney . For tumour cells, research has found that
HIF-1α plays an important role in hypoxia conditioning,
and HIF-1α is also the critical transcription factor that
[6]
mediates cell hypoxia reactions . In our previous study,
we induced HIF-1α expression in liver tissue by exposing
rats to a non-lethal hypoxia environment, and detected
changes in the NF-κB and Erk pathways. Moreover,
changes in glucose metabolism were also detected,
and hypoxia-induced HIF-1α expression promoted
HK2 and Glut1 expression, which could decrease
liver inflammation and I/R injury after orthotopic
liver transplantation. BCL-2 (B-cell lymphoma 2),
encoded in humans by the Bcl-2 gene, is the founding
member of the Bcl-2 family of regulator proteins that
regulate cell death (apoptosis), by either inducing (pro[7,8]
apoptotic) or inhibiting (anti-apoptotic) apoptosis .

RESULTS
HIF-1α expression was significantly increased in
intestinal tissue at 12 h postoperatively in rats that
were exposed to a hypoxic environment for 90 min
compared with a non-HP group (HP vs AT, P = 0.0177).
Pathological analysis was performed on the intestinal
mucosa cells, and the cells in the HP group appeared
2+
healthier than the cells in the AT group. The Ca ATPase activity in the small intestinal cells in the AT
group was significantly lower after the operation, and
2+
the Ca -ATPase activity in the HP group recovered
faster than that in the AT group at 6 h postoperatively
(HP vs AT, P = 0.0106). BCL-2 expression in the HP
group was significantly higher than that in the AT group
at 12 h postoperatively (HP vs AT P = 0.0010). The
expression of the inflammatory factors NO, SOD, IL-6,
and TNF-α was significantly lower in the HP group than
in the AT group.
CONCLUSION
Hypoxia-induced HIF-1α could protect intestinal mu
cosal cells against mitochondrial damage after I/R
injury. HP could improve hypoxia tolerance in small
2+
intestinal mucosal cells and increase Ca -ATPase
activity to reduce the apoptosis of and pathological
damage to intestinal cells. HP could be a useful way to
promote the earlier recovery of intestinal function after
graft procedure.
Key words: Hypoxic precondition; Intestinal function;
Ischemia/reperfusion; Liver transplantation; Rat
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Ischaemia/reperfusion (I/R) injury affects
the recovery of postoperative bowel function in liver
transplantation. In our research, hypoxia-induced HIF1α expression could protect mitochondrial function and
2+
Ca -ATPase activity against I/R injury to reduce the
apoptosis and pathological damage to intestinal cells.
Therefore, we suggest that hypoxic preconditioning
therapy could improve the tolerance of small intestinal
mucosal cell to hypoxia in rat autologous orthotopic
liver transplantation.
Ji ZP, Li YX, Shi BX, Zhuang ZN, Yang JY, Guo S, Xu XZ,
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BCL-2 is considered an important anti-apoptotic protein.
Studies of human cancer cells also confirmed that the
expression of BCL-2 was positively correlated with VEGF
and HIF1A, which are target genes of miR-27a and
miR-17, and the expression of VEGF and HIF1A was
[9]
related to the poor prognosis of patients . The BCL2
protein functions as an antiapoptotic protein and inhibits
[10]
programmed cell death . Both gene amplification
and translocation are common mechanisms for BCL2
protein overexpression in diffuse large B-cell lymphoma
(DLBCL). The clinical significance of BCL2 protein
[11]
2+
expression in DLBCL is still controversial . Ca ATPase damage is one of the early manifestations in
intestinal mucosa cells during ischaemia-reperfusion
injury. During intestinal ischaemia, calcium mobilization
and extracellular calcium influx greatly increase the
calcium ion concentration in the cytoplasm. Intracellular
calcium activates proteolytic enzymes, which produce
a large number of free radicals that are involved in cell
injury during reperfusion. Oxygen free radicals damage
cell membrane lipids, and the peroxidation of calcium
+
+
channels can lead to the inactivation of the Na -K -ATP
2+
+
enzyme and the Ca /Na exchange, which can enhance
2+
[12]
Ca influx, leading to intracellular calcium overload .
Cell damage is caused by mitochondrial oxygen
utilization and the synthesis of ATP is further damaged.
Acidic products are produced during anaerobic meta
bolism, which leads to a change in intracellular enzyme
activity and a deficient transmembrane ion gradient.
When the duration of tissue ischaemia exceeds a certain
critical value, I/R injury will be irreversible and the
[13]
tissue will become necrotic .
In this study, we investigated how I/R injury
2+
affects the Ca -ATPase activation in intestinal tissue
in a rat autologous orthotopic liver transplantation
model. Hypoxia-induced HIF-1α could protect against
2+
the I/R injury to mitochondria and preserve Ca ATPase activity in rat intestinal tissue. HP can improve
the tolerance of small intestine mucosal cells to
hypoxia, and reduce the apoptosis by increasing BCL2
expression and pathological damage to intestinal
cells. It could be a useful way to promote the earlier
recovery of intestinal function after graft procedure.

an outflow of gas, water bottle, mask, oxygen valve, an
oxygen flow metre, and connection tubes. The rats can
be completely enclosed in the transparent low-disposal
tank. Rats were maintained at atmospheric pressure
for 90 min with an 8% nitrogen-oxygen gas mixture
(containing 8% oxygen and 92% nitrogen) at a flow
rate of 5 L/min. Eight hours later, we administered
anaesthesia and began the autologous orthotopic liver
transplantation surgery.

Autologous orthotopic liver transplantation

The healthy SD rats were randomly divided into
three groups as follows: a normal control group
(NC; n = 3, total n = 18), an autotransplantation
group (AT; n = 3, total n = 18), or a HP group (HP;
n = 3, total n = 18). The autologous orthotopic liver
transplantation procedure was performed as follows:
after rats were injected with 100 mg/kg ketamine
and 0.03 mg atropine intraperitoneally, they were
maintained on semi-open mask inhalation of ether
for 10 min. After the abdominal cavity was opened,
the falciform ligament was resected, and the blood
vessel along the oesophagus was removed. The
liver was dissected until the suprahepatic vena cava
(SVC) was completely liberated. A homemade leash
was prepared to guide the SVC for blockage. The PV
was dissected from the convergence of the inferior
mesenteric and splenic veins. The hepatic artery and
biliary tract were freed together. Vascular clamps were
used at the convergence of the inferior mesenteric and
splenic veins, hepatic artery, SVC, and IVC. The PV was
punctured with a No. 4 transfixion pin in preparation
for reperfusion, and fixed with a vascular clamp.
Ringer’s lactate solution was injected for reperfusion
at 2.5 mL/min, and a 1-mm incision was made in the
wall of the IVC as an outflow tract. The liver gradually
turned yellow when reperfusion was successful. A total
of 20-25 min passed to imitate the operation range
of liver transplantation and the duration of ischaemia/
reperfusion injury. At the end of the procedure, the rats
received an injection of 1.6 million units of penicillin in
the abdomen and 4 mL of Ringer’s lactate was infused
through the abdominal wall vein, then the abdomen
was sutured. After surgery, rats were kept in a 38 ℃
[5]
incubator .

MATERIALS AND METHODS
Materials

Western blot analysis

Healthy 8-10-week-old male SD rats that weighed
225-275 g were provided by the Experimental Animal
Center of Jiangsu Province. All studies were approved
by our Institutional Animal Care and Use Committee.
The homemade hypoxic device (referring to Vannucci’s and
[4]
other methods ) consisted of a noninvasive vascular
folder of 8% nitrogen-oxygen mixed gas (containing
8% oxygen and 92% nitrogen, provided by the
Nanjing Flextronics Gas Co., Ltd.). Hypoxia equipment
consisted of a high pressure tank filled with nitrogenoxygen mixed gas, a 5-L sealed hypoxic disposal tank,

WJG|www.wjgnet.com

Intestinal tissue samples were lysed and cell lysates
were collected with radioimmuno-precipitation assay
(RIPA) protein lysate buffer. The cytoplasm was centri
fuged at 750 g at 4 ℃ for 5 min, then the supernatant
was collected and centrifuged at 13000 rpm at 4 ℃
for 30 min to collect the sediment. A total of 30 μg
of protein were loaded and run on a gel and then
transferred to a PVDF membrane (Immobilon-P,
Millipore, Bedford, MA, United States) for 1 h at 300 mA,
followed by blocking with 5% non-fat dry milk in
0.1% TBST for 1 h. The membrane was incubated
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Jolla, CA, United States). All experimental data were
analysed via analysis of variance and are expressed
as mean ± SD. Independent t-tests were used to
analyse the differences between groups. P < 0.05 was
considered statistically significant.

with primary antibodies overnight at 4 ℃. The primary
antibodies against HIF-1α, Caspase 3, cleaved Caspase
3, and cleaved PARP were purchased from Cell
Signalling Technology (United States) and diluted 1:500.
The secondary antibodies and β-actin antibody were
purchased from Abcam Biotechnology Company.

RESULTS

Histology and immunohistochemistry

HP induces HIF-1α expression in liver and intestinal
tissues in a rat autologous orthotopic liver
transplantation model

Formalin-fixed paraffin-embedded tissue sections were
subjected to immunostaining using the streptavidinperoxidase technique, with diaminobenzidine as a
chromogen. Haematoxylin and eosin (H and E) staining
and immunohistochemistry were performed according
to standard procedures. The protein expression of
BCL-2 was evaluated by immunohistochemistry. The
target protein was detected via the Elivison twostep immunohistochemical method. Briefly, tissues
were dewaxed in xylene and hydrated using an
alcohol gradient (ethanol, 95% ethanol in water,
85% ethanol in water, and 70% ethanol in water).
A high-temperature plastic staining tray submerged
in a beaker of antigen retrieval buffer was used for
antigen retrieval. After endogenous peroxidase was
inactivated, the primary was added. The sections were
then incubated in 50 µl of universal IgG antibodyFab-HRP polymer for 30 min. Subsequently, the glass
slides underwent colour development, dehydration,
and sealing. The expression of BCL-2 protein was
represented by a blue colour in the cells. Image-Pro
Plus 6.0 software was used to analyse the optical
density of immunohistochemical results. In brief, the
scoring was as follows: 0, <10% of cells stained; 1,
10% to 25% of cells stained; 2, 25% to 50% of cells
stained; 3, > 50% of cells stained. For all cases, slides
with a score ≥ 2 were considered positive.

The rats in the HP group were exposed to a hypoxic
environment for 90 min before the procedure; this
experimental protocol had been used in our lab
[14]
previously . Then, the rats underwent autologous
orthotopic liver transplantation. The changes in HIF-1α
levels in the total cellular extract of liver and intestinal
tissues were detected 12 h after the procedure. HIF1α expression induced by HP was increased in rat liver
tissue 12 h after the operation (Figure 1A). We also
observed that HIF-1α expression in the AT group was
higher than in the NC group, but the difference was
not significant (AT vs NC, P = 0.0738, Figure 1B). The
increased HIF-1α expression in ischaemia and hypoxia
tissues may have been caused by the procedure, which
includes clamping and blocking the blood circulation
during the liver transplantation. HIF-1α expression was
significantly higher after the HP therapy than in the
non-HP group (HP vs AT, P = 0.0177, Figure 1B).
The intestinal tissues were also examined for
changes in HIF-1α levels 12 h after the procedure
via Western blot analysis. We observed that HIF-1α
expression in intestinal tissues was significantly higher
after HP therapy than in the non-HP group (HP vs AT,
P = 0.0118, Figure 1D). HIF-1α level in the AT group
was not significantly different compared to the NC
group (AT vs NC, P = 0.1938, Figure 1D).

Ca2+-ATPase activity analysis
2+

ATPase (Ca -ATPase) activity was detected in 0.2 mL
of the supernatant added to 0.8 mL of normal saline.
One ATPase activity unit per hour is the amount of
1 μmol of inorganic phosphorus produced by the
decomposition of ATP by per milligram of protein.

Changes in intestinal morphology and Ca2+-ATPase
activity

Intestinal cells, particularly mucosal cells, usually suffer
I/R injury during the liver transplantation procedure.
In this study, we collected rat intestinal tissues for
pathological examination at 12 h after the operation.
The intestinal mucosal cells in the AT group exhibited
noticeable oedema, and capillary vessels were filled
with red blood cells and blood clots. The villus epithelial
cells were shedding, and glands were severely dam
aged and infiltrated with inflammatory cells (Figure
2B). Mitochondria are important cellular organs that
affect the oxidative respiratory chain, and damage
to mitochondria that occurs during the early stage of
ischaemia/reperfusion injury leads to cell apoptosis.
We observed that the mitochondria in the AT group
appeared swollen, round, and degenerated 12 h after
the operation, and the visible cristae appeared less
fractured or even disappeared (Figure 2E). Our previous
study showed that HP induced HIF-1α expression

Enzyme-linked immunosorbent assay

Blood samples were collected from rats at 0, 2, 6, 12,
24 and 48 h after the operation and centrifuged to
separate sera, which were stored at -80 ℃. All serum
samples were analysed with ELISA assay kits, which
were purchased from Kaiji Biology, Inc. (Nanjing,
China). Nitric oxide (NO), superoxide dismutase (SOD),
interleukin-6 (IL-6), and rat tumour necrosis factor-α
(TNF-α) ELISA kits were purchased from Kaiji Biology
Company, Nanjing, China.

Statistical analysis

Statistical analyses were performed with commercially
available SPSS version 19.0 software (Chicago, IL,
United States) and GraphPad Prism software (La
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Figure 1 Expression of HIF-1α in liver and intestinal tissues in a rat autologous orthotopic liver transplantation model. A: Western blot assay showed that
the level of HIF-1α protein expression induced by hypoxia preconditioning was increased in rat liver tissue at 12 h postoperatively; B: The chart shows that the level
of HIF-1α in the HP group was higher at different postoperative time points. At 12 h postoperatively, HIF-1α expression in liver tissue in the HP group was significantly
higher than in the AT group and NC group; C: Western blot assay showed that HIF-1α expression was increased in rat intestinal tissue after hypoxia preconditioning
at 12 h postoperatively; D: The chart shows that HIF-1α expression induced by hypoxia preconditioning in intestinal tissue was elevated at different postoperative time
points. HIF-1α expression was significantly higher in the HP group compared with the AT group and NC group at 12 h postoperatively.

and decreased oxidative respiratory chain damage
in mitochondria and protected against I/R injury in
[14]
liver tissue . In this study, we also observed that
the intestinal cells appeared to have slight oedema,
fewer inflammatory cells were present, and less da
mage was present in rat intestinal tissue after HP
therapy compared with the AT group (Figure 2C). The
mitochondria of intestinal cells appeared less swollen
with fewer cristae. The structure of the endoplasmic
reticulum was maintained (Figure 2F). The intestinal
cells and mitochondria appeared normal in the NC
group (Figure 2A and D).
The I/R injury to the intestinal tissue during the
2+
procedure may decrease Ca -ATPase activity, which
was evaluated to assess the damage to intestinal cell
membranes and to predict functional recovery.
2+
Ca -ATPase activity in the AT group was signi
ficantly lower compared with the NC group, which
decreased to the lowest level 2 h postoperatively
(Figure 2G, AT vs NC, P = 0.0193) and then recovered.
The same pattern was evident in the HP group, which
2+
exhibited decreased cellular Ca -ATPase activity after
the procedure. However, we observed that the cellular
2+
Ca -ATPase activity in the HP group was significantly
higher than that in the AT group 12 h postoperatively
(Figure 2H, HP vs AT, P = 0.0106). To further detect
2+
the effect of HP on the activity of cellular Ca -ATPase,
we analysed the enzyme bioactivity changes at
different time points. Table 1 shows that the cellular
2+
Ca -ATPase activity was significantly higher in the
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HP group than in the AT group at 2, 12 and 24 h
postoperatively (Table 1).

HP promotes BCL2 expression and decreases apoptosis
in response to I/R injury in rat intestinal tissues

Our previous study showed that HP therapy induced HIF1α expression and could protect against mitochondrial
[14]
damage and apoptosis in liver tissue . In this study,
rat intestinal tissues were analysed by immunohi
stochemistry to detect BCL2 expression, which can
affect cell apoptosis by regulating mitochondrial
membrane permeability. Immunohistochemistry de
monstrated that the ratio of BCL2 positive signal in
the HP group was significantly higher than in the AT
group at postoperative 12 h (Figure 3B, HP vs AT
P = 0.0010). The ratio of positive BCL2 signal was
detected at several time points after the operation (2,
6, 12, 24 and 48 h) in the NC, AT and HP groups. The
expression of BCL2 in the HP group was increased after
the operation, peaked at 12 h postoperatively, and was
maintained at a high level. It was significantly higher
in the HP group compared with the NC group and the
AT group (Figure 3C, 6 h: HP vs AT, P = 0.0407; 12
h: HP vs AT, P = 0.0301). However, for the AT group,
we observed that there was no significant difference in
BCL2 expression compared with the NC group (Figure
3C, 6 h: AT vs NC, P = 0.0544). To confirm that BCL2
expression inhibited apoptosis in rat intestinal tissue,
we detected the cleaved Caspase 3 and cleaved PARP
expression levels by Western blot and found that
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Figure 2 Hypoxia-induced HIF-1α expression increases intestinal cellular mitochondrial integrity and Ca2+-ATPase activity after I/R injury. A-C: Pathological
changes in intestinal cells are shown (HE, 10 × 20). A: The normal morphology of intestinal cells in the NC group; B: The intestinal cells in the AT group exhibited
oedema and red blood cell deposition and blood clots in capillary vessels; the villus epithelial cells were shedding, had severely damaged glands, and had been
infiltrated by inflammatory cells; C: The intestinal cells in the HP group exhibited slight oedema and fewer inflammatory cells. The villus epithelial cells were less
damaged. D-F: The mitochondrial changes in intestinal cells are shown (× 46000). D: The normal morphology of mitochondria in the NC group; E: The mitochondria
in the AT group appeared swollen, round, and degenerated. The visible mitochondrial cristae appeared less fractured or disappeared; F: The mitochondria in the HP
group showed less swelling and fewer cristae. The endoplasmic reticulum structure had survived; G: The Ca2+-ATPase activity in the AT group was significantly lower
compared with the NC group, which decreased to the lowest level at postoperative 2 h (AT group vs NC group: P < 0.05) and then recovered; H: The Ca2+-ATPase
activity in the HP group was lower after the operation but was significantly higher than that in the AT group at postoperative 2 h (HP group vs AT group: P < 0.05).

2+

Table 1 Ca -ATPase activity in intestinal cells (mean ± SD)
Group

n

1h

2h

HP
AT
NC
F
P value

12
12
12

0.923 ± 0.008a
0.904 ± 0.06e
0.923 ± 0.004
3.075
0.0600

0.389 ± 0.014a,c
0.323 ± 0.018 e
0.916 ± 0.010
501.688
< 0.001

12 h
0.566 ± 0.013a,c
0.374 ± 0.011e
0.928 ± 0.034
616.699
< 0.001

24 h
0.771 ± 0.011ac
0.575 ± 0.033e
0.932 ± 0.011
274.498
< 0.001

48 h
0.908 ± 0.014a
0.871 ± 0.012 e
0.909 ± 0.010
3.109
0.0580

a

P < 0.05 vs AT group; cP < 0.05 vs NC group; eP < 0.05, AT group vs NC group.

cleaved Caspase 3 expression was increased in rat
intestinal tissue that had undergone I/R injury at 24 h
postoperatively. In the AT group, the level of cleaved
Caspase 3 was significantly higher than that in the
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NC group (Figure 4B, AT vs NC, P = 0.0004), while
cleaved Caspase 3 expression in the HP group was
lower than that in the AT group at postoperative 24 h
(Figure 4B, HP vs AT, P = 0.0038). The expression of
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Figure 3 Hypoxia preconditioning promotes BCL2 expression in rat intestinal tissues. A: Immunohistochemistry revealed the expression of BCL2 in rat
intestinal tissue in the AT and HP groups at postoperative 12 h; B: The ratio of BCL2 expression in the HP group was significantly higher than that in the AT group
at postoperative 12 h (HP vs AT P = 0.001); C: The ratio of positive BCL2 expression was detected at several time points postoperatively (2, 6, 12, 24 and 48 h) in
the NC, AT, and HP groups. The expression of BCL2 in the HP group was increased after the operation, peaked at postoperative 2 h, and was maintained at a high
level. At postoperative 12 h, BCL2 expression in the HP group was significantly higher than that the NC group and the AT group. No significant difference in BCL2
expression was found in the AT group and NC group.

cleaved PARP was increased in rat intestinal tissue that
had undergone I/R injury at 24 h postoperatively. The
level of cleaved PARP in the AT group was significantly
higher than that in the NC group (Figure 4D, AT vs NC,
P < 0.0001). Cleaved PARP expression in the HP group
was lower than that in the AT group at postoperative
24 h (Figure 4D, HP vs AT, P = 0.0001).

= 0.0083; HP vs NC, P = 0.0599; SOD, 24 h: AT vs
NC, P = 0.0357; HP vs AT, P = 0.0352; HP vs NC,
P = 0.2036). We measured the serum levels of IL-6
and TNF-α, and found that HP treatment appeared to
relieve some of the inflammatory reaction due to the
lower IL-6 and TNF-α levels that were detected (Figure
5C and D, IL-6, 24 h: AT vs NC, P < 0.0001; AT vs HP,
P = 0.0097; HP vs NC, P = 0.0113; TNF-α, 24 h: AT
vs NC, P < 0.0001; HP vs AT, P = 0.0029; HP vs NC, P
= 0.0007).

Changes in the levels of serum inflammation factors
in the rat autologous orthotopic liver transplantation
model

To investigate the ability of HP treatment to protect
intestinal tissue from I/R injury, we monitored changes
in the levels of NO, SOD, IL-6 and TNF-α in rat serum
samples. In the HP group, serum NO and SOD levels
increased after the operation, but they were lower
compared with the AT group, in which NO and SOD
levels stayed elevated after the operation (Figure 5A
and B; NO, 24 h: AT vs NC, P = 0.0260; AT vs HP, P

WJG|www.wjgnet.com

DISCUSSION
There is a close relationship between the contractile
activity of the small intestine and the intracellular
2+[15]
2+
concentration of Ca
. Ca -ATPase can be found
in the plasma membrane, endoplasmic reticulum,
and mitochondrial membrane. It can be activated
and hydrolyse ATP to provide energy when the
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Figure 4 Changes of Caspase 3 and PARP expression in rat intestinal tissue at postoperative 24 h. A: The apoptosis was detected by Western blot assay,
which showed that the expression of cleaved Caspase 3 as increased in rat intestinal tissue with ischemia and reperfusion injury at postoperative 24 h; B: The bartable shows the level of cleaved Caspase 3 expression in AT group was significantly higher than that in the NC group. The cleaved Caspase 3 expression in the
HP group was lower than that in the AT group at postoperative 24 h; C: The expression of cleaved PARP was increased in rat intestinal tissue with ischemia and
reperfusion injury at postoperative 24 h; D: The bar-table shows that the level of cleaved PARP expression in the AT group was significantly higher than that in the NC
group. The cleaved PARP expression in the HP group was lower than that in the AT group at postoperative 24 h.
2+

concentration of Ca rises to a certain level. Therefore,
2+
Ca -ATPase levels can indicate ischaemia-reperfusion
injury because they can reflect the severity of cell
[16]
injury . The results of the present study showed that
the intestine suffered hypoxia with congestion after the
occlusion of the PV during autologous orthotopic liver
transplantation. The calcium balance system became
2+
dysfunctional because the activity of the Ca -ATPase
in intestinal tissue was damaged due to the presence
2+
of toxins in the blood. We found that the Ca -ATPase
activity in intestinal tissue which suffered the I/R
injury after the procedure of autologous orthotopic
liver transplantation was significantly lower compared
with the non-surgery intestinal tissue. Therefore, the
systolic and diastolic function of the intestinal smooth
muscle was inhibited in the autologous orthotopic liver
transplantation group, resulting in decreased peristalsis
of the stomach and intestine.
Due to hypoxia, intestinal epithelial cells were
shedding and necrosis occurred, increasing intestinal
permeability and triggering intestinal bacteria and endo
[17]
toxin translocation . In a previous study, we showed
that HIF-1α promoted HK2 and Glut1 expression could
decrease the liver inflammation and I/R injury after
[14]
orthotopic liver transplantation . In this study, due to
2+
non-noticeably reduced Ca -ATPase activity in the liver
transplantation group with HPtherapy, small intestinal
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tissue exhibited less apoptosis and hypoxia tolerance
was increased after I/R injury and exposure to oxygen
free radicals and toxins in the intestine. Our previous
study found that HP protects mitochondria against I/R
[18]
2+
injury . In this study, we observed that Ca -ATPase
activity in intestinal tissue of the rat with HP therapy was
not noticeably reduced compared to the non-surgery
intestinal tissue. The cells could adapt to hypoxia and
post-operative injury in a hypoxic environment was
reduced.
BCL2 affects cell apoptosis by regulating mito
chondrial membrane permeability. The mechanism
may be that BCL2 changes the pores or channels in
[19-21]
the mitochondrial membrane
. BCL2 is considered
an important anti-apoptotic protein, and it can affect
cell apoptosis by regulating mitochondrial membrane
permeability.
Our previous studies found that HP was sufficient
to activate the BCL2 signalling pathway and upregulated the expression of BCL2 protein, a regulatory
factor that restrains apoptosis, and it may regulate
apoptosis by altering the configuration of mitochondria
[22]
in liver tissue of the rat liver transplantation model .
In this study, HP therapy protected the rat intestinal
tissue against apoptosis as revealed by a low level of
cleaved Caspase 3 and cleaved PARP expression after
the liver transplantation procedure compared to the
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Figure 5 Hypoxia preconditioning decreases the expression of inflammatory factors in rat serum after postoperative I/R injury of intestinal tissue. A: In the
HP group, NO levels in the serum were lower, especially at 12 h and 24 h after the operation, compared with the AT group; B: The SOD levels in the HP group 12 h
and 24 h after the operation were significantly lower than those in the AT group; C: After the operation, the IL-6 levels in rat liver tissues that had undergone ischaemiareperfusion injury were significantly higher in the AT group compared with the HP group and the NC group; D: TNF-α levels in the HP group were slightly decreased
compared with those in the AT group.

rat with non-HP therapy. BCL2 expression was also
increased in the HP therapy group and may be related
2+
with Ca -ATPase activity and mitochondrial protection
after intestinal I/R injury in the rat autologous liver
transplantation model. It requires further studies to
show the relationship between HP and BCL2.
During HP, intestinal mucosal cells could be resistant
to hypoxia caused by the blockage of blood flow during
liver transplant, which would reduce apoptosis. HP
therapy protected the intestinal mucosa cells against
I/R injury. The characteristic morphological changes
of intestinal mucosa cells undergoing HP therapy
included slight oedema and fewer inflammatory cells.
In addition, the tops of the epithelial cells were less
damaged, the mitochondria showed less swelling and
fewer cristae, and the endoplasmic reticulum structure
was visible. However, the situation was worse in
the autologous orthotopic liver transplantation group;
cells were filled with red blood cells and blood clots
in capillary vessels, intestinal mucosa cells exhibited
obvious oedema, and infiltrated inflammatory cells
surrounded the epithelial cells. The villus epithelial cells
were shedding, had severely damaged glands, and
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had been infiltrated by inflammatory cells. The swollen
mitochondria appeared round, had degenerated, and
had severe visible cristae that had fewer fractures or
had disappeared.
In summary, the early recovery of enteral nutrition
is very important for intestinal prognosis after liver
transplantation. It is essential to reduce the damage to
small intestinal mucosal cells. In this study, we used a
rat autologous orthotopic liver transplantation model
to simulate intestinal I/R injury and observed that HP
2+
could protect Ca -ATPase and reduce small intestinal
mucosal mitochondrial damage and apoptosis. The
2+
protective mechanism of Ca -ATPase against intestinal
cristae I/R injury in rat autologous liver transplantation
requires further study. I/R injury was decreased in
the intestine, and inflammation was reduced. These
findings may provide a theoretical basis for the clinical
recovery and treatment in liver transplantation, but
further experimental evidence is needed.
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HIGHLIGHTS
ARTICLE
Research background

During liver transplantation, intestinal ischaemia/reperfusion (I/R) injury
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usually occurs due to the blockage of blood flow in the portal vein. Intestinal
mucosal I/R injury is related with SIRS and MODS after shock or trauma. The
postoperative recovery of small intestinal mucosal cells is important in treatment
and prognosis. Non-lethal hypoxic preconditioning (HP) can increase tolerance
to I/R injury and is effective in reducing damage to a variety of organs. In our
previous study, we induced HIF-1α expression in liver tissue by exposing rats
to a non-lethal hypoxia environment, and detected changes in the NF-κB and
Erk pathways. Moreover, changes in glucose metabolism were also detected,
and hypoxia-induced HIF-1α expression promoted HK2 and Glut1 expression,
which could decrease liver inflammation and I/R injury after orthotopic liver
transplantation. BCL-2 is considered an important anti-apoptotic protein. Ca2+ATPase damage is one of the early manifestations in intestinal mucosa cells
during ischaemia-reperfusion injury.

Research motivation

4

5

6

7
2+

In this study, we investigated how I/R injury affects the Ca -ATPase activation
in intestinal tissue in a rat autologous orthotopic liver transplantation model.

Research objectives

8

To investigate the effect of I/R injury on the Ca 2+-ATPase activation in rat
intestinal tissue in a rat autologous orthotopic liver transplantation model and to
determine if HP therapy induced HIF-1α to protect rat intestinal tissue against
I/R injury.

9

Research methods

Non-lethal hypoxic preconditioning therapy was applied to induce HIF1α expression. An autologous orthotopic liver transplantation model was
established to imitate I/R injury to intestinal tissue. Then, we detected
the microstructure changes in small intestinal tissues using histology and
immunohistochemistry, the expression of HIF-1α, cleaved Caspase 3, and
cleaved PARP by Western blot analysis, and the expression of inflammatory
factors in rat serum by ELISA.

10

Research results

11

After HP therapy, HIF-1α expression was significantly increased in intestinal
tissue of rats at 12 h postoperatively. Pathology of the intestinal mucosal cells
appeared healthier in the HP group than in the AT group. The Ca2+-ATPase
activity in small intestinal cells in the HP group recovered faster than that in the
AT group. BCL-2 expression in the HP group was significantly higher than that
in the AT group. The expression of the inflammatory factors NO, SOD, IL-6 and
TNF-α was significantly lower in the HP group than in the AT group.

12

Research conclusions

Hypoxia-induced HIF-1α could protect against the I/R injury to mitochondria
and preserve Ca2+-ATPase activity in rat intestinal tissue. HP can improve the
tolerance of small intestinal mucosal cells to hypoxia, and reduce the apoptosis
by increasing BCL2 expression and pathological damage to intestinal cells.

13
14

Research perspectives

Non-lethal HP could be a useful way to promote the earlier recovery of intestinal
function after graft procedure.

15
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AIM
In our previous study, we have built a nine-gene (GPC3 ,
HGF , ANXA1 , FOS , SPAG9 , HSPA1B , CXCR4 , PFN1 ,
and CALR ) expression detection system based on the
GeXP system. Based on peripheral blood and GeXP, we
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aimed to analyze the results of genes expression by
different multi-parameter analysis methods and build
a diagnostic model to classify hepatocellular carcinoma
(HCC) patients and healthy people.

alcohol abuse clearly show a significant correlation
with the incidence of HCC. In China, more than 90%
of HCC patients are reported to experience chronic
[2]
HBV infection . Currently, HCC is often diagnosed at
an advanced stage and has a poor prognosis. Clinical
practice has demonstrated that early diagnosis of
HCC can significantly increase the survival time. Many
biomarkers have been proposed, and some are curr
[3,4]
ently used in clinical diagnosis ; however, even alphafetoprotein, the most widely used biomarker for HCC
[5]
diagnosis, has a poor diagnostic value . Although
pathology is used as a gold standard for diagnosis of
HCC, it is invasive, and tissue samples are not easily
obtained. Therefore, a non-invasive, accurate, and fast
method for early detection of HCC is urgently needed.
Peripheral blood samples, which are easily and
repeatedly obtained in the clinical setting, have been
demonstrated to be valuable for disease prediction and
classification, drug response evaluation, and toxicity
[6-8]
classification
. These features make peripheral
blood samples attractive to aid in the early detection
[9]
of HCC . As we know, HCC is a complex multi-gene
and multi-factorial disease, and a single biomarker
is not adequate to reflect the HCC status. A panel of
biomarkers is a promising method for early detection
of HCC, and now some panels have been used for
[10,11]
cancer prediction
. A single gene analysis method
is not sufficient when gene expression is used for
diagnosis. Multi-parameter analysis methods, such as
logistic regression analysis (LRA), discriminant analysis
(DA), classification tree analysis (CTA), and artificial
neural network (ANN), which can analyze multiple
factors, have been shown to increase the diagnostic
sensitivity and specificity and may be promising
[12-14]
analysis methods for multi-parameter analysis
.
In our previous study, we used Affymetrix to
screen differential gene expression and built a 9-gene
(GPC3, HGF, ANXA1, FOS, SPAG9, HSPA1B, CXCR4,
PFN1, and CALR) expression detection system based
[15]
on the GenomeLab GeXP Genetic Analysis system ,
known as GeXP, which can detect up to 35 genes in
[16]
one reaction . Based on peripheral blood and GeXP,
we compared multi-parameter gene expression using
various multi-parameter analysis methods and built a
diagnostic model to classify early-stage HCC patients
and healthy people.

METHODS
Logistic regression analysis, discriminant analysis,
classification tree analysis, and artificial neural network
were used for the multi-parameter gene expression
analysis method. One hundred and three patients
with early HCC and 54 age-matched healthy normal
controls were used to build a diagnostic model. Fiftytwo patients with early HCC and 34 healthy people
were used for validation. The area under the curve,
sensitivity, and specificity were used as diagnostic
indicators.
RESULTS
Artificial neural network of the total nine genes had
the best diagnostic value, and the AUC, sensitivity, and
specificity were 0.943, 98%, and 85%, respectively. At
last, 52 HCC patients and 34 healthy normal controls
were used for validation. The sensitivity and specificity
were 96% and 86%, respectively.
CONCLUSION
Multi-parameter analysis methods may increase the
diagnostic value compared to single factor analysis
and they may be a trend of the clinical diagnosis in the
future.
Key words: Hepatocellular carcinoma; Peripheral blood;
Early detection; Multi-parameter; Diagnostic value
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We aimed to analyze the results of expression
of nine genes, which we identified previously, by different
multi-parameter analysis methods and build a diagnostic
model to classify hepatocellular carcinoma patients and
healthy people. Logistic regression analysis, discriminant
analysis, classification tree analysis, and artificial neural
network were used for the multi-parameter gene expre
ssion analysis.
Xie H, Xue YQ, Liu P, Zhang PJ, Tian ST, Yang Z, Guo Z, Wang
HM. Multi-parameter gene expression profiling of peripheral
blood for early detection of hepatocellular carcinoma. World J
Gastroenterol 2018; 24(3): 371-378 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v24/i3/371.htm DOI: http://
dx.doi.org/10.3748/wjg.v24.i3.371

MATERIALS AND METHODS
Patients and blood collection

The study was reviewed and approved by the 302
Hospital of People’s Liberation Army Institutional Review
Board. After obtaining patient consent, blood samples
from 103 early-stage HCC patients with chronic HBV
infection were collected at our hospital. Fifty-four agematched healthy normal control samples were collected
from the people who underwent a health examination.
Both samples were used to build the diagnostic

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
[1]
common cancers in the world . Chronic infection with
hepatitis B or C virus, dietary aflatoxin B1 intake, and
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Table 1 Characteristics of early-stage hepatocellular carcinoma and healthy control samples
Variable

Building model

Number of patients
Male
Female
Age (mean ± SD)
Tumor size (> 3 cm)
Tumor size (< 3 cm)
Number of nodules (Unilocular)
Number of nodules (Multilocular)
Cirrhosis
BCLC stage (T1)
BCLC stage (T2)

Model validation

HCC

Control

HCC

Control

103
54
49
54 ± 12
29
74
36
67
89
27
76

54
29
25
49 ± 11
0
0
0
0
0
0
0

52
29
23
51 ± 14
13
39
21
31
36
19
32

34
19
15
52 ± 9
0
0
0
0
0
0
0

HCC: Hepatocellular carcinoma.

model. Fifty-two early-stage HCC patients and 34
healthy people were used for validation. The disease
status of early-stage HCC patients was confirmed by
histopathological analysis, and tumors were staged
according to the Barcelona Clinic Liver Cancer (BCLC)
staging classification as either T1 (single lesion < 2 cm
in diameter) or T2 (single lesion between 2 and 5 cm
in diameter or < 3 lesions, each of which was < 3 cm
[17]
in diameter) . In addition, peripheral blood from HCC
patients was collected before any therapy. The clinical
characteristics of all the samples used for this study are
shown in Table 1.
Peripheral blood (2.5 mL) was collected and added
into the PAXGene blood RNA tubes (Qiagen, Valencia,
CA, United States). After inverting, the tubes were
stored at -80 ℃ until total RNA extraction.

DNA Size Standard 400. The GeXP system was used
to match each gene fragment size and to measure the
fluorescent dye signal strength in arbitrary units, and
then the dataset was normalized to the housekeeping
gene B2M. Finally, the dataset was log transformed.

Multi-parameter gene expression analysis
[18,19]

RNA isolation and GeXP gene expression detection

Total RNA was isolated using the PAXGene Blood RNA
Kit (Qiagen, Valencia, CA, United States) according to
the manufacturer’s instructions. The quality and quantity
of RNA were measured by agarose gel electrophoresis
and DU 800 spectrophotometry (Beckman Coulter,
Fullerton, CA, United States), respectively. The primers
for the nine genes were shown in our previous study.
Reverse and forward primers were diluted 1:200 and
1:500 in nuclease-free water to a final concentration
of 500 nmol/L and 200 nmol/L, respectively. Total
RNA (50 ng) was used for reverse transcription (RT)
with chimeric reverse primers in a single reaction. The
concentrations of the primers were diluted at a ratio
of 1:8. The RT reactions were performed using the
following parameters: 48 ℃ for 1 min, 42 ℃ for 60 min,
95 ℃ for 5 min, and then held at 4 ℃.
Polymerase chain reaction (PCR) reaction (10 μL)
was performed in the 96-well PCR Detection Plate
using the following parameters: 95 ℃ for 10 min,
followed by 35 cycles of 94 ℃ for 30 s, 55 ℃ for 30 s,
and 68 ℃ for 1 minute. The PCR products were diluted
using nuclease-free water and added to the detection
plate, which contained sample loading solution and
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[20,21]

[22,23]

[24,25]

LRA
, DA
, CTA
, and ANN analysis
were used as the multi-parameter gene expression
analysis methods. In LRA, the “Forward: Conditional”
method was used to select variables. The stepwise
probability was “Entry 0.05” and “Removal 0.10”,
the “Probabilities” was saved, and then “CI for exp
(B) 95%” was shown. The “Probabilities” of the HCC
group were used for receiver operating characteristic
(ROC) analysis, and the cutoff value was based on the
Youden Index. In DA, “Use stepwise method” was used
to select variables. The stepwise criterion was the “F
value”. The “Entry” was 3.84, and the “Removal” was
2.71. The “Probabilities of group membership” was
saved as a new variable, “Dis_n,” which represented
the probability of HCC, and then the “Probabilities of
group membership” was used for ROC analysis. In
the CTA, “Exhaustive CHAID” was used as a growth
method, and 20% of the samples were selected as
the validation samples. The “Predicted value” was
saved as a new variable for the ROC analysis. In the
ANN analysis, the ROC curve was saved, and 80%
of the samples were used as the training group and
20% as the test group. After comparison, the best
diagnostic model was chosen, and 52 HCC samples
and 34 healthy normal controls were used to validate
the model. The ROC curve, area under the curve (AUC),
sensitivity, and specificity were used as diagnostic
indicators.

RESULTS
Genes used for diagnostic evaluation

A total of nine genes (GPC3, HGF, ANXA1, FOS,
SPAG9, HSPA1B, CXCR4, PFN1, and CALR) were used
for HCC detection. We used the ROC curve of the
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Table 2 Diagnostic value of the four genes showing P -values less than 0.05
Gene

P value

AUC

HGF
ANXA1
SPAG9
PFN1

0.620
0.697
0.761
0.700

0.014
< 0.001
< 0.001
< 0.001

95%CI for AUC
Lower

Upper

0.532
0.614
0.681
0.620

0.708
0.780
0.842
0.781

Cutoff

Sen

Spe

0.102
0.919
0.477
0.383

0.408
0.728
0.942
0.437

0.926
0.593
0.481
0.907

P < 0.05 means significant difference. AUC: Area under curve; Sen: Sensitivity; Spe: Specificity.

was also analyzed and is shown in Table 3. An OR
greater than 1 indicates that the factor is a risk factor
for the disease, and an OR less than 1 means it is a
protective factor. Thus, the ANXA1, SPAG9, and PFN1
genes were risk factors. When their gene expression is
higher, it may increase the incidence of HCC. The FOS
and CXCR4 genes were found to be protective factors.
When their gene expression is higher, it may decrease
the incidence of HCC.

Table 3 Odds ratio of the five selected genes after logistic
regression analysis
Gene
ANXA1
FOS
SPAG9
CXCR4
PFN1

P
< 0.001
0.012
< 0.001
< 0.001
< 0.001

OR
1.73E+09
4.80E-03
1.36E+14
6.44E-02
1.37E+04

95% CI for OR
Lower

Upper

1.67E+05
7.30E-05
3.19E+07
1.47E-02
9.82E+01

1.79E+13
3.16E-01
5.80E+20
2.81E-01
1.91E+06

P < 0.05 means significant difference.

Multi-parameter DA

In the DA, the full 9-gene set was analyzed by
Bayes DA. Six genes were selected by “Use stepwise
method”. The following formulas were used separately:
Y1 = -7.306 + 8.078 XGPC3 + 20.770 XANXA1 - 3.414
XFOS + 12.652 XSPAG9 + 1.842 XCXCR4 + 18.248 XPFN1
Y2 = -5.612 + 15.760 XGPC3 + 4.432 XANXA1 + 1.585
XFOS - 10.298 XSPAG9 + 4.320 XCXCR4 + 12.370 XPFN1
In the 4-gene set, three genes entered the diagnostic
formulas. The formulas were as follows:
Y1 = -6.665 + 21.814 XANXA1 + 18.524 XSPAG9 +
16.663 XPFN1
Y2 = -2.806 + 13.784 XANXA1 + 8.081 XSPAG9 +
10.393 XPFN1
The probability of the healthy normal group and the
HCC group analyzed by the three selected genes was
saved as a new variable named Dis 1. The probability
of the six selected genes was saved as Dis 2. The
new variables Dis 1 and Dis 2 were used for the ROC
analysis, as shown in Figure 2. The AUC of Dis 1 was
0.877 and of Dis 2 was 0.926. This result meant that the
six selected genes had better diagnostic value for HCC,
and when the cutoff of Y was 0.628, the sensitivity and
specificity were 82% and 89%, respectively.

nine genes to evaluate the diagnostic value and then
analyzed the P-value and 95% confidence interval
(CI). The diagnostic value of the AUC, the P-value,
95% confidence interval, cutoff value, sensitivity, and
specificity are shown in Table 2. The ROC curves from
four genes (HGF, ANXA1, SPAG9, and PFN1) showed
P-values less than 0.05. According to the P-values, four
genes (HGF, ANXA1, SPAG9, and PFN1) were chosen
to have diagnostic value. In the multi-parameter
analysis, both the 9-gene and the 4-gene sets were
used.

Multi-parameter LRA

In the LRA for HCC detection, we compared the
diagnostic value of the full 9-gene set (GPC3, HGF,
ANXA1, FOS, SPAG9, HSPA1B, CXCR4, PFN1, and
CALR) and the 4-gene set (HGF, ANXA1, SPAG9,
and PFN1). From the full 9-gene set, five genes were
selected using a “Forward: Conditional” method. The
diagnostic formula was as follows:
Y = -4.089 + 21.269 XANXA1 - 5.339 XFOS + 32.543
XSPAG9 - 2.743 XCXCR4 + 9.524 XPFN1 (Y = logit P)
In the 4-gene set, three genes were selected, and the
diagnostic formula was as follows:
Y = -4.826 + 13.172 XANXA1 + 15.353 XSPAG9 + 8.755
XPFN1 (Y = logit P)
Then, the probability was used for evaluating the
diagnostic value. The ROC curves are shown in Figure
1. The AUC of the five selected genes was 0.933,
and that of the three selected genes was 0.878. This
indicated that the five selected genes had better
diagnostic value, and when the cutoff of logit P was
0.548, the sensitivity and specificity were 94% and
80%, respectively. According to the diagnostic formula,
we can know the risk of the detected sample. In
addition, the odds ratio (OR) of the five selected genes
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Multi-parameter CTA

We compared the diagnostic value of the full 9-gene
set and the 4-gene set by CTA; however, only ANXA1
entered the classification tree. The classification tree
of the full 9-gene set was the same as the 4-gene
set, as shown in Figure 3. When the cutoff was 0.629,
the sensitivity and specificity were 70% and 60%,
respectively. The total accuracy was only 66.20%.

Multi-parameter ANN analysis

The full 9-gene set and the 4-gene set were then
analyzed by the ANN method; their network had one
hidden layer which contained five units. In the training
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Figure 1 Receiver operating characteristic analysis of probability after
logistic regression analysis. In the total nine genes, five (ANXA1, FOS,
SPAG9, CXCR4, and PFN1) entered the diagnostic formula. In the four genes,
three (ANXA1, SPAG9, and PFN1) entered the formula. The probability was
used for ROC analysis. The AUC of the five selected genes was 0.933 and that
of the three selected genes was 0.878, indicating that the five selected genes
had better diagnostic value, and the sensitivity and specificity were 94% and
80%, respectively.

Figure 2 Receiver operating characteristic analysis of probability after
discriminant analysis. In the total nine genes, GPC3, ANXA1, FOS, SPAG9,
CXCR4, and PFN1 genes entered the diagnosis formula. In the four genes,
ANXA1, SPAG9, and PFN1 genes entered the formula. The probability
was used for HCC detection. The AUC of the six selected genes was 0.926
and that of the three selected genes was 0.877. When the cutoff of the five
selected genes was 0.628, the sensitivity and specificity were 82% and 89%,
respectively.

group of the full 9-gene set, the percent incorrect
prediction was 12.3%, and for the testing group, it was
9.1%. In the 4-gene set, the percentages were 20.9%
and 8.7%, respectively. In addition, the full 9-gene set
had better predictive probabilities than the 4-gene set.
The AUC of the full 9-gene set was 0.943, greater than
that of the 4-gene set, which was 0.877.

the number of genes and the amplification efficiency.
The Beckman Coulter (Fullerton, CA, United States)
GenomeLab GeXP Genetic Analysis system was
designed ideally for up to 35 genes per reaction and
can be used to detect 192 samples simultaneously in
[26]
one single detection . In addition, the GeXP system
uses a universal priming strategy to decrease the
variations in amplification efficiency across multiple
[16,27]
genes
. Both strengths make GeXP an ideal
multiple-gene expression detection method as well as
a useful validation tool that is more similar to largescale gene analysis methods, such as microarrays,
than real-time PCR. We combined gene-chip analysis,
peripheral blood, the GeXP detection system, and
bioinformatics by using gene screening, model building,
and bioinformatics analysis to build a gene expression
profiling standard operating procedure for the early
detection of cancer.
Studies have demonstrated that multi-parameter
analysis can increase the sensitivity and specificity and
is considered promising for future diagnostic methods.
Many multi-parameter methods have been used for
cancer early detection. In our study, logistic analysis
increased the AUC to 0.933. Out of the nine genes, five
(ANXA1, FOS, SPAG9, CXCR4, and PFN1) entered the
diagnostic formula; however, FOS and CXCR4, which
had poor diagnostic value, also entered the formula.
This demonstrated that the genes showed significant
differences between groups, and even if they had
AUC values of less than 0.5, they may contribute to
the logistic analysis. In the 4-gene set, three genes
(ANXA1, SPAG9, and PFN1) entered the formula, but
the AUC was less than that of the full 9-gene set.
This demonstrated that genes with more significant
differences may result in better diagnostic values.

Comparison of multiple multi-parameter analysis
methods and validation

Multiple multi-parameter analysis methods were used
to build models, and the AUC was used to evaluate
the diagnostic value. When a single gene was used,
the AUC of SPAG9 was greater than those of the other
genes. The AUCs of LRA, DA, and ANN were greater
than that of SPAG9, and the AUC of CTA was less
than that of SPAG9. Among the methods, the ANN
of the full 9-gene set had the best diagnostic value;
the AUC, sensitivity, and specificity were 0.943, 98%,
and 85%, respectively. Finally, 52 HCC patients and
34 healthy normal controls were used for validation.
The sensitivity and specificity were 96% and 86%,
respectively. Above all, multi-parameter analysis
methods may increase the diagnostic value compared
to single-factor analysis and this approach may be a
trend for future clinical diagnostic methods.

DISCUSSION
Clinical peripheral blood samples can be obtained easily
and in a minimally invasive way. Studies have shown
that mRNA in peripheral blood has the potential to
be used for the early detection of cancers. There are
many mRNA detection methods; however, the most
commonly used method, real-time PCR, is limited by
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Group

Node 0
Category %
n
HCC
65.6 103
Healthy 34.4 54
Total
100.0 157

≤ 0.09220
ANXA1
Adj. P value = 0.004,
χ 2 = 12.540, df = 1

> 0.09220

Node 1
Category %
HCC
49.2
Healthy 50.8
Total
40.1

31
32
63

Node 2
Category %
HCC
76.6
Healthy 23.4
Total
59.9

72
22
94

n

n

Figure 3 Classification tree of the total nine genes and the four genes. The tree of the total nine genes was the same to that of the four genes. Only ANXA1 gene
entered the tree, and according to the node, it was divided into two parts.

The logistic had a formula which can get a continuous
value: logit (P). With a gene expression panel, we can
predict the P-value to differentiate healthy people and
HCC patients, which may provide a clinical indication
for both physicians and patients.
After OR analysis, the ANXA1, SPAG9, and PFN1
genes were detected as risk factors. The FOS and
CXCR4 genes were protective factors. Annexin1 (ANXA1)
is a member of the annexin family of phospholipidbinding and calcium-binding proteins with a well de
monstrated role in early delayed inhibitory feedback
of glucocorticoids in the hypothalamus and pituitary
[28]
gland . Studies have demonstrated that ANXA1
is involved in tumorigenesis and can increase the
[29]
incidence of HCC . SPAG9 (sperm associated antigen
9) is a gene encoding c-Jun-amino-terminal kinaseinteracting protein 4. This enzyme is a scaffolding
protein that connects the mitogen-activated protein
kinases to related transcription factor targets for the
[30]
activation of JNK signaling pathways . SPAG9 was
also demonstrated to be a biomarker for breast cancer
[31,32]
and cervical carcinoma
. Profilin-1 (PFN1) has been
regarded as a tumor-suppressor molecule for breast
cancer, and it can enhance ADP-to-ATP exchange on
G-actin. In addition, it can also act as a shuttle to deliver
[33]
ATP-bound G-actin to facilitate actin polymerization .
Studies have demonstrated that PFN1 is overexpressed
in cancer cells by up-regulating PTEN and downregulating AKT, and it is also an inhibitor of mammary
[34]
carcinoma aggressiveness . If PFN1 is silenced, it
can inhibit endothelial cell proliferation, migration, and
[35]
morphogenesis . All three genes may contribute to
the development of HCC.
In the DA, the AUC was similar to the logistic
analysis. This demonstrated that it may be a valuable
analysis method; however, because it had strict
demand on the data distribution, its application was
greatly limited. In our study, although we got the
discriminant formula, it may have high bias because
the dataset was not normally distributed. In the CTA,
only one gene had diagnostic value. This finding
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demonstrated that they were not suitable for our study.
ANN analysis has been demonstrated to provide better
diagnostic value in disease prediction and cancer early
detection. In our study, ANN had the best diagnostic
value compared to the other analysis methods, and the
predicted probabilities of the groups were also shown.
In addition, in the training group for the full 9-gene set,
the percent incorrect prediction was 12.3%, and for the
testing group, it was 9.1%. All of these demonstrate
that the ANN model we built was successful.
In our previous study, we screened the mRNA in
peripheral blood samples by Affymetrix GeneChip
analysis, and nine genes (GPC3, HGF, ANXA1, FOS,
SPAG9, HSPA1B, CXCR4, PFN1, and CALR) were used
for differentiating the healthy normal control and HCC
groups. We have now built an ANN detection system.
The sensitivity and specificity were 96% and 86%,
respectively, which were greater than those of single
gene analysis.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

We have built a 9-gene (GPC3, HGF, ANXA1, FOS, SPAG9, HSPA1B, CXCR4,
PFN1 and CALR) expression detection system based on the GeXP system
in our previous study. We aimed to analyze the results of gene expression by
different multi-parameter analysis methods and build a diagnostic model to
classify hepatocellular carcinoma (HCC) patients and healthy people.

Research motivation

Although pathology is used as a golden standard for diagnosis of HCC, it is
invasive and tissue sample is not easily obtained. Therefore, a non-invasive,
accurate, and fast method for early detection of HCC is pressing.

Research objectives

A non-invasive, accurate, and fast method for early detection of HCC may be
provided by our research based on the mRNA in peripheral blood.

Research methods

We have successfully built an artificial neural network detection system
combining detection system and bioinformatics together for differentiating the
healthy normal group and HCC group. The sensitivity and specificity were
separately 96% and 86%, respectively, which were greater than those of single-
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gene analysis.

Research results

11

Artificial neural network of the total nine genes had the best diagnostic
value, and the AUC, sensitivity, and specificity were 0.943, 98%, and 85%,
respectively. At last, 52 HCC patients and 34 healthy normal controls were used
for validation. The sensitivity and specificity were 96% and 86%, respectively.

12

Research conclusions

Based on the mRNA in peripheral blood, a multi-parameter analysis method
was used to analyze multiple genes, which may increase the diagnostic value
compared to the single factor analysis for the early detection of HCC, and it
may be a trend of the clinical diagnosis in the future. It may provide a noninvasive, accurate, and fast method for early detection of HCC.

13

Research perspectives

14

The GeXP system uses a universal priming strategy to decrease the variations
in amplification efficiency across multiple genes, and it is an ideal multiple-gene
expression detection method as well as a useful validation tool that is more
similar to large-scale gene analysis methods. Combination of the peripheral
blood, GeXP detection system, and bioinformatics together may be the future
strategy to build an assistant detection method for cancer.
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Abstract
AIM
To evaluate the clinical advantages of single-port
laparoscopic hepatectomy (SPLH) compare to multiport laparoscopic hepatectomy (MPLH).

Institutional review board statement: This study was
reviewed and approved by the Catholic University Seoul St.
Mary’s Hospital Institutional Review Board.
Informed consent statement: Informed consent is exempted in
the case of retrospective study in our institution.

METHODS
We retrospectively reviewed the medical records of 246
patients who underwent laparoscopic liver resection
between January 2008 and December 2015 at our
hospital. We divided the surgical technique into two
groups; SPLH and MPLH. We performed laparoscopic
liver resection for both benign and malignant disease.
Major hepatectomy such as right and left hepatectomy
was also done with sufficient disease-free margin. The
operative time, the volume of blood loss, transfusion
rate, and the conversion rate to MPLH or open surgery
was evaluated. The post-operative parameters included
the meal start date after operation, the number of
postoperative days spent in the hospital, and surgical
complications was also evaluated.
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RESULTS
Of the 246 patients, 155 patients underwent SPLH
and 91 patients underwent MPLH. Conversion rate
was 22.6% in SPLH and 19.8% in MPLH (p = 0.358).
We performed major hepatectomy, which was defined
as resection of more than 2 sections, in 13.5% of
patients in the SPLH group and in 13.3% of patients
in the MPLH group (p = 0.962). Mean operative time
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was 136.9 ± 89.2 min in the SPLH group and 231.2 ±
149.7 min in the MPLH group (p < 0.001). The amount
of blood loss was 385.1 ± 409.3 mL in the SPLH
group and 559.9 ± 624.9 mL in the MPLH group (p =
0.016). The safety resection margin did not show a
significant difference (0.84 ± 0.84 cm in SPLH vs 1.04
± 1.22 cm in MPLH, p = 0.704). Enteral feeding was
started earlier in the SPLH group (1.06 ± 0.27 d after
operation) than in the MPLH group (1.63 ± 1.27 d) (p
< 0.001). The mean hospital stay after operation was
non-significantly shorter in the SPLH group than in the
MPLH group (7.82 ± 2.79 d vs 7.97 ± 3.69 d, p = 0.744).
The complication rate was not significantly different
(p = 0.397) and there was no major perioperative
complication or mortality case in both groups.

cholecystectomy, splenectomy, gastrectomy and cole
[3-6]
ctomy .
However, in the field of liver surgery, after the
first laparoscopic surgery in 1993, complexity of the
procedure and technical difficulty are the main causes
of delay in its widespread adoption, but its use has
steadily and slowly spread in tandem with advances in
[7,8]
surgical skill and devices . In the Louisville Statement
[9]
2008, Buell et al declared that laparoscopic liver
surgery is a safe and effective approach for the surgical
management of liver disease.
Recently, several investigators have reported that
single-port laparoscopic hepatectomy (SPLH) is also a
feasible modality like any other single-port laparoscopic
[10-12]
surgery
. Nevertheless, almost of these studies are
only case reports or small-sized retrospective studies
and there is a lack of large clinical randomized trials or
systematic reviews that prove its clinical benefits.
The aim of the present study is to investigate the
technical feasibility and perioperative results of SPLH
compared to the conventional laparoscopic or open
surgery in a large volume center.

CONCLUSION
Single-port laparoscopic liver surgery seems to be a
feasible approach for various kinds of liver diseases.
Key words: Hepatectomy; Laparoscopy; Minimally
invasive surgery; Treatment outcome; Feasibility study
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: The progress on the laparoscopic technique
has led to single-port laparoscopic surgery as a feasible
modality in several abdominal surgeries. However, in
the field of liver surgery, single-port surgery have been
reported sporadically because of its technical difficulties.
In this study, we evaluated the feasibility of single-port
laparoscopic hepatectomy (SPLH) compared to multiport laparoscopic hepatectomy (MPLH). The present
study showed that SPLH is not inferior to MPLH in
terms of surgical and oncological results. Furthermore,
left liver surgery, such as left lateral sectionectomy
and left hepatectomy, is possible through single-port
without any significant deterioration in results if it is
performed by an experienced surgeon.

We retrospectively reviewed the medical records
of 246 patients who underwent laparoscopic liver
resection with curative intent between January 2008
and December 2015 at Seoul St. Mary’s Hospital. The
patients who underwent concomitant other abdominal
surgery were excluded. This study was approved by
the Institutional Review Board of our center.
This record was obtained by several experienced
hepatobiliary surgeons in our hospital; however, SPLH
was performed by one of the surgeons who mainly
performed laparoscopic liver resection.
We performed laparoscopic liver resection for
both benign and malignant disease. The indications
of SPLH and MPLH were not different. Left-lateral
sectionectomy and partial hepatectomy for the lesion
in the antero-lateral portion of the liver were routinely
performed via laparoscopy. Major hepatectomy,
such as right hepatectomy and left hepatectomy,
was also performed via laparoscopy if a diseasefree margin was expected to be achieved without
any major problems. However, the patients with a
history of major upper abdominal surgery and cardiac
or respiratory impairment were excluded from the
laparoscopic approach. Considering the general criteria
for liver resection, we excluded the patients with a
large amount of ascites or hyperbilirubinemia from
liver resection. Patients with Child Pugh class (Child Turcotte - Pugh) C were also excluded from resection
and partial hepatectomy was performed in selected
Child Pugh class B patients.
The operative time for each procedure was recorded,

Han JH, You YK, Choi HJ, Hong TH, Kim DG. Clinical
advantages of single port laparoscopic hepatectomy. World J
Gastroenterol 2018; 24(3): 379-386 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v24/i3/379.htm DOI: http://
dx.doi.org/10.3748/wjg.v24.i3.379

INTRODUCTION
After introduction of the first laparoscopic surgery,
noticeable technical developments have imposed
laparoscopic surgery as a valuable alternative to the
[1,2]
traditional open surgery . Since then, the progress
on the laparoscopic technique has led to reduced port
surgery including single-port laparoscopic surgery as a
safe and feasible modality in the field of appendectomy,
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as well as the volume of blood loss, transfusion rate,
and the conversion rate to multi-port laparoscopic he
patectomy (MPLH) or open surgery. The post-operative
parameters were also recorded, which included the meal
start date after operation, the number of postoperative
days spent in the hospital, and surgical complications
[13]
according to the Dindo-Clavien classification .

when necessary, in MPLH, a 5mm trocar site was used,
and in SPLH, a drain was rarely inserted.

Statistical analysis

Mean, standard deviation, and ranges were used to
present numerical variables. Continuous variables
were compared by Student’s t-test. Differences in
categorical variables were analyzed with the chi-square
test. Logistic regression was used for the multivariate
analysis and Cox proportional hazards regression
model analysis was used to identify risk factors
independently associated with recurrence or survival.
The Kaplan-Meier method was used to calculate the
disease-free survival and survival rates. The survival
time in the groups was compared using the log-rank
test. P-values < 0.05 were considered to indicate
statistical significance.

Surgical procedure

Overall, there were few differences between the
SPLH and MPLH surgical procedures, except for the
difference in trocar use. Generally, the patient was
placed in a supine position and for resection of the
right liver lobe lesion, the leg was parted. The body of
the patient was tilted 10-20° in the head-up and feetdown position. If the lesion was located in the right
posterior section, the patient was placed in the right
lateral decubitus position at approximately 90°.
For resection of the left liver lobe lesion, the
operator stood on the right side of the patient with a
scopist, and for right liver lobe resection, the operator
stood between the patient’s legs with the scopist on
the left side of the patient.
For SPLH, a 30 to 40 mm skin incision was made in
the right or left upper abdominal quadrant, depending
on the location of the liver lesion. Then, Glove port
(Nelis, Seoul, South Korea) consisting of four trocar
channels with gas insufflation and exsufflation lines
was placed. For MPLH, a 10 mm trocar for laparoscopy
was inserted into the umbilicus. The 12 mm primary
working port was placed below the costal margin
depending on the location of the lesion. Then, one or
two 5 mm additional working ports were inserted. CO2
pneumoperitoneum was established at 12 mmHg.
The procedure of laparoscopic hepatectomy was
not very different from that in previous studies. We
performed intraoperative ultrasonography in almost all
cases for the marking of the lesion and hepatic veins.
Mobilization of the liver was performed by hook type
electrocautery and an ultrasonic scalpel (Harmonic
ACE; Ethicon Endo-Surgery, Cincinnati, Ohio, United
States) and we generally used a laparoscopic ultrasonic
dissector (CUSA; Integra LifeSiences, Plainsboro, NJ,
United States) for the deeper part of liver parenchymal
dissection and an ultrasonic scalpel for the superficial
part of the liver. Small vascular pedicles were sealed
with an ultrasonic scalpel, while large vessels and
bile ducts were ligated with a metal clip and Hem-olok clips (Weck, Research Triangle Park, NC, United
States). We generally did not use the argon beam
coagulator for coagulation of the resection surface
concerning gas embolization.
For retrieval of the specimen, we extended the
trocar site in consideration of the specimen volume.
In MPLH, we generally extended the trocar site of the
umbilicus. A closed suction drain was inserted only
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RESULTS
Of the 246 patients, 155 patients had undergone
SPLH, and among them, 120 patients (77.4%) had
undergone single-port laparoscopic surgery without
open or multiport conversion. In the MPLH group, open
conversion was performed in 18 patients (19.8%) and
there was no statistically significant difference (p =
0.358).
The most common cause of conversion was
bleeding in both groups (60% and 33.3%, respectively)
and the next most common cause of conversion was
adhesion in the MPLH group (22.2%) and technical
failure in the SPLH group (14.3%) (Table 1).
The most commonly performed procedure in
both groups was partial hepatectomy (65.2% and
39.65%, respectively) and the next most commonly
performed procedure was left lateral sectionectomy.
Major hepatectomy was performed in 22 cases
(14.1%) using a single port and in 12 cases (13.2%)
in the MPLH group (Table 2). We did more partial
hepatectomy with single-port however, extended
cholecystectomy for gallbladder cancer and hepatic
cyst marsupialization was done by multi-port.
Tumor distribution was not significant different
between both groups, 11.6% of the SPLH group and
12.1% of the MPLH groups had the tumors over 2
segments (p < 0.969).
Patient’s demographics was not significantly diff
erent between the two groups except BMI. BMI was
lower in the MPLH group (p < 0.001).
We performed laparoscopic hepatectomy for mali
gnant disease, such as hepatocellular carcinoma and
metastatic tumor especially from colon cancer, if we
could obtain an adequate safety resection margin.
In the SPLH group, 74.8% of patients had malignant
disease, and in the MPLH group, the rate of malignant
disease was 70.3% (p = 0.459).
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related factors between the two groups among cases
that underwent left lateral sectionectomy and left
hepatectomy. Of the 155 patients in the SPLH group,
46 patients (29.7%) underwent left hepatectomy or
left lateral sectionectomy, and the number of patients
who underwent left hepatectomy or left lateral sec
tionectomy was 31 (34.1%) in the MPLH group.
Patient’s demographics was also not significantly
different between the two groups. BMI was not signi
ficantly different between the two groups (p = 0.337).
The rate of liver cirrhosis and the CTP score were also
not significantly different between the two groups (p =
0.355 and p = 0.106, respectively).
The mean operative time was significantly shorter
in the SPLH group (p < 0.003). The amount of trans
fusion was not significantly different between the two
groups (p = 0.513). The safety resection margin also
did not show a significant difference between the two
groups (p = 0.354).
Enteral feeding was also started earlier in the SPLH
group than in the MPLH group (p < 0.001). However, the
mean hospital stay after operation was not significantly
different between the two groups (p = 0.738).
Post-operative complications requiring intervention
or surgery occurred in 4 patients (8.7%) in the SPLH
group and in 1 patient (3.2%) in the MPLH group.
There was no statistically significant difference (Table 4).

Table 1 Cause of conversion n (%)
Cause of conversion
Bleeding
Adhesion
Poor localization of tumor
Advanced tumor
Technical failure
Others

SPLH

MPLH

(n = 35, 22.6%)

(n = 18, 19.8%)

21 (60.0)
3 (8.5)
3 (8.5)
2 (5.7)
5 (14.3)
1 (3.0)

6 (33.3)
4 (22.2)
2 (11.1)
1 (5.6)
3 (16.7)
2 (11.1)

SPLH: Single-port laparoscopic hepatectomy; MPLH: Multi-port laparoscopic
hepatectomy.

Table 2 Comparison of procedure between single-port
laparoscopic hepatectomy and multi-port laparoscopic
hepatectomy group n (%)
Name of procedure

SPLH

MPLH

(n = 155, 63.0%) (n = 91, 37.0%)
Right hepatectomy
Left hepatectomy
Left lateral sesctionectomy
Segmentectomy
Partial hepatectomy
Extended cholecystectomy
Others

5 (3.2)
17 (10.9)
29 (18.7)
2 (1.3)
101 (65.2)
0
1 (0.7)

0
12 (13.2)
19 (20.8)
3 (3.3)
36 (39.6)
14 (15.4)
7 (7.7)

SPLH: Single-port laparoscopic hepatectomy; MPLH: Multi-port laparoscopic
hepatectomy.

We performed single-port laparoscopic major
hepatectomy, which was defined as resection of more
than 2 sections, in 21 patients (13.5%), and this rate
was not significantly different from that in the MPLH
group (13.3%, p = 0.962).
With respect to operative parameters, we evalu
ated mean operative time, the amount of transfusion
(red blood cell), and safety margin in final pathology
reports. Operative time was significantly shorter in the
SPLH group (p < 0.001). The amount of transfusion
was not significantly different between the two groups
(p = 0.513). The safety resection margin did not show
a significant difference between the two groups (p =
0.704).
Enteral feeding was started earlier in the SPLH group
than in the MPLH group (p < 0.001). However, the
mean hospital stay after operation was not significantly
different between the two groups (p = 0.744).
Post-operative complications requiring intervention
or surgery occurred at a rate of 7.7% in the SPLH
group and at a rate of 3.3% in the MPLH group (p
= 0.397). However, there was no life-threatening
complication or perioperative mortality case in both
groups (Table 3).

DISCUSSION
After the first report of single-port laparoscopic surgery
[10,11]
in the field of the liver surgery
, several studies
have assessed the feasibility of SPLH in selected
cases such as left lateral sectionectomy and partial
hepatectomy. Most of these studies have reported
that SPLH is not inferior to the conventional multiport
surgery due to cosmetic advantages, less invasiveness,
less hospital duration, and acceptable complication
rates like other single-port laparoscopic surgeries such
[12,14-17]
as cholecystectomy and appendectomy
.
As previously noted, single-port laparoscopic surgery
[18,19]
for the liver has some intrinsic technical limitations
.
At first, the loss of triangulation and interference bet
ween instruments makes surgery difficult and causes
ergonomic problems. Then, the surgical view is relatively
narrow because the scope and the instruments are
placed in the same line. Thus, if complications develop
during surgery such as bleeding or bile leakage during
liver resection, it may be difficult to manage with only
a single port. In fact, most of the previous studies
were regarding left lateral sectionectomy and partial
hepatectomy, which are less complex.
In the present study, there is no definite evidence
that SPLH could be regarded as an easier technique
than MPLH considering the presence of liver cirrhosis
and the CTP score. Although, the mean age was lesser

Comparative results of left lateral sectionectomy and
left hepatectomy (SPLH vs MPLH)

We compared the demographic features and operation-
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Table 3 Comparison of results between single-port laparoscopic hepatectomy and multi-port laparoscopic hepatectomy group n (%)
Variables
Age
Sex (M:F)
BMI
Liver cirrhosis
CTP score
Malignant disease
Major operation
Operation time
Blood loss (mL)
RBC T/F (unit)
Conversion rate
Enteral feeding (d)
Hospital stay (d)
Disease free margin
Complication rate
Post op bleeding
Pleural effusion
Fluid accumulation
Others

SPLH

MPLH

(n = 155, 63.0%)

(n = 91, 37.0%)

57.1 ± 13.3
105:50
24.1 ± 3.1
51 (32.9)
5.37 ± 0.73
116 (74.8)
21 (13.5)
136.9 ± 89.2
385.1 ± 409.3
0.62 ± 1.98
35 (22.6)
1.06 ± 0.27
7.82 ± 2.79
0.84 ± 0.84
12 (7.7)
1 (8.3)
4 (33.3)
6 (50.1)
1 (8.3)

60.8 ± 13.4
49:42
22.5 ± 2.9
31 (34.3)
5.21 ± 0.64
64 (70.3)
12 (13.3)
231.2 ± 149.7
559.9 ± 624.9
0.79 ± 1.44
18 (19.8)
1.63 ± 1.27
7.97 ± 3.69
1.04 ± 1.22
3 (3.3)
0
1 (33.3)
1 (33.3)
1 (33.3)

P value
0.037
0.040
< 0.001
0.887
0.297
0.459
0.962
< 0.001
0.016
0.513
0.358
< 0.001
0.744
0.704
0.397

SPLH: Single-port laparoscopic hepatectomy; MPLH: Multi-port laparoscopic hepatectomy; BMI: Body mass index; CTP: Child-Turcotte-Pugh; T/F:
Transfusion.

less degree of liver cirrhosis for laparoscopic liver
surgery. It may also be another reason behind why
we preferably selected the cases in which the tumor
location is on the antero-lateral surface of the liver as
far as possible. However, even on comparing the two
laparoscopic hepatectomy groups, the complication
rate in the SPLH group was not statistically higher than
that in the MPLH group.
We experienced nearly 20% of conversion rate in
both groups and it seemed to be higher than previously
[17]
reported data
(Aldrighetti, 2012 #220). However,
because we preferentially consider laparoscopic surgery
and actively adopted it, it will be obviously higher than
ordinary cases. What we should be noted is that the
conversion rate of both groups was not significantly
different.
The length of the hospital stay and the duration of
resumption of enteral feeding were shorter in the SPLH
group than in the MPLH group. This result has been
commonly reported in other previous studies for other
[4,22]
single port surgeries
. There are some controversies
regarding the claim that single-port laparoscopic
surgery needs a shorter recovery period after surgery.
Most of the previous studies for SPLH were per
formed for benign disease, except for a few studies
including our initial reports of SPLH for hepatocellular
[12]
carcinoma . However recently, there have been
some controversies regarding the application of MPLH
[23,24]
to malignant disease
. Furthermore, the present
study also showed that SPLH is not inferior to MPLH in
terms of obtaining a sufficient safety resection margin.
The present work includes the results of left lateral

in the SPLH group, the body mass index (BMI) was
rather lower in the MPLH group.
Considering surgical results such as the operative
time and the mean amount of blood transfusion, the
SPLH group seemed to show more favorable results
than the MPLH group. However, these commonly
unacceptable results can be explained in two ways.
The first reason is that the present work was a re
trospective study. Although there were no statistically
differences between the two groups in terms of
patient characteristics, it is possible that SPLH was
preferentially applied to cases that appeared slightly
easier. The second reason is the surgeon factor. SPLH
was initiated at our hospital from 2008 and it has been
mostly performed by a single highly experienced liver
surgeon. On the other hand, MPLH has been performed
by several surgeons with a variety of experience
including the one mentioned above. Therefore, it
may be inappropriate to compare the two groups;
however, it is at least possible to state that SPLH is not
very inferior to MPLH considering the surgical results
themselves.
The rate of surgical complications showed no sig
nificant differences between the two groups. Severe
complications such as post-operative bleeding or
bile leakage were rare in both groups and the rate
of complications that needed surgical or radiologic
interventional treatment was comparable to the
previously noted results for the conventional open liver
[20,21]
surgery
.
This result may be due to a selection bias that
there is a possibility that we chose the patients with
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Table 4 Comparison of results between single-port laparoscopic hepatectomy and multi-port laparoscopic hepatectomy group in left
hepatectomy and left lateral sectionectomy n (%)
Variables
Age
Sex (M:F)
BMI
Liver cirrhosis
CTP score
Malignant disease
Operation time
Blood loss (mL)
RBC T/F (unit)
Conversion rate
Enteral feeding (d)
Hospital stay (d)
Disease free margin (cm)
Complication rate
Post op bleeding
Pleural effusion
Fluid accumulation
Others

SPLH

MPLH

(n = 46, 59.7%)

(n = 31, 40.3%)

59.0 ± 11.1
26:20
23.3 ± 2.8
9 (19.6)
5.44 ± 0.81
27 (58.7)
177.9 ± 114.6
389.0 ± 270.0
0.38 ± 0.9
15 (32.6)
1.08 ± 0.35
9.08 ± 3.21
1.17 ± 0.99
4 (8.7)
1 (25.0)
0
2 (50.0)
1 (25.0)

62.0 ± 9.9
16:15
22.7 ± 2.5
4 (12.9)
5.20 ± 0.56
12 (38.7)
277.6 ± 140.6
576.9 ± 298.1
0.83 ± 0.9
8 (25.8)
1.61 ± 0.89
9.36 ± 3.19
1.67 ± 1.92
1 (3.2)

P value
0.223
0.816
0.337
0.525
0.355
0.106
0.003
0.013
0.094
0.616
< 0.001
0.738
0.354
0.402

1 (100)

SPLH: Single-port laparoscopic hepatectomy; MPLH: Multi-port laparoscopic hepatectomy; BMI: Body mass index; CTP: Child-Turcotte-Pugh; T/F:
Transfusion.
[15,17]

sectionectomy, as the previous studies
as well as
those of major hepatectomy that involved resection of
more than two sections. However, the results of major
hepatectomy, especially right hepatectomy showed
a largely deviated result in the operative time and
the amount of transfusion because of the technical
limitations that have been mentioned above. Thus, it
is not desirable to compare the results including right
hepatectomy and some difficult partial hepatectomy
cases that are not suitable for laparoscopic surgery
from the beginning. Therefore, we evaluated the results
of the left lateral hepatectomy and the left hepatectomy
cases that showed the result of even deviations. The
results also showed that SPLH is comparable, at least
not inferior, to MPLH.
The present study has the limitations of being
a retrospective study with a small patient group.
However, to the best of our knowledge, it is the first
report that adopted SPLH for malignant diseases with
compatible results and showed the possibility that it
is favorable to apply SPLH for a left liver lobe lesion in
terms of surgical and oncologic outcomes.
We have not taken a position that SPLH is superior
to MPLH throughout this study. There is an inevitable
limitation as it is a retrospective study and the
experience of the surgeon who performed SPLH is more
than that of another surgeon who performed MPLH.
However, the present study at least showed that
SPLH is not inferior to MPLH in terms of surgical and
oncological results after favorable patient selection.
Furthermore, left liver lobe surgery, such as left lateral
sectionectomy and left hepatectomy, is possible
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through single-port laparoscopic surgery without any
significant deterioration in results compared to MPLH if
it is performed by an experienced surgeon.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

The progress on the laparoscopic technique and instruments has led to singleport laparoscopic surgery as a safe and feasible modality. However, in the
field of liver surgery, technical difficulty has delayed its widespread adoption.
Recently, several investigators have reported feasible results of single-port
laparoscopic hepatectomy (SPLH) however, almost of them are case reports or
small sized study.

Research motivation

Several studies have assessed the feasibility of SPLH in benign diseases
such as left lateral sectionectomy and partial hepatectomy in spite of intrinsic
technical limitations. However, most of them are for benign diseases and the
study size is too small to determine the feasibility.

Research objectives

The aim of the present study is to investigate the technical feasibility and
perioperative results of SPLH compared to the conventional laparoscopic
surgery in a large volume center.

Research methods

Total enrolled patients were 246 and the data was collected from January
2008 to December 2015. The authors divided the surgical technique into
two groups; SPLH and multi-port laparoscopic hepatectomy (MPLH). The
authors performed laparoscopic liver resection for both benign and malignant
disease. Major hepatectomy was done in the case that the disease free margin
will be achieved without problems. The operative time, the volume of blood
loss, transfusion rate, and the conversion rate to MPLH or open surgery was
evaluated. The post-operative parameters included the meal start date after
operation, the number of postoperative days spent in the hospital, and surgical
complications was also evaluated.

384

January 21, 2018|Volume 24|Issue 3|

Han JH et al . Single port laparoscopic hepatectomy

Research results

10

In this study, the authors found that the operative results such as the operative
time, the volume of blood loss, transfusion rate, and the conversion rate of the
SPLH was not inferior to the MPLH. The post-operative parameters such as the
meal start date after operation was even better than MPLH. It showed similar
results in the analysis of the left liver surgery such as left hepatectomy and left
lateral sectionectomy.

11

Research conclusions

12

The present study showed that SPLH is not inferior to MPLH in terms of
surgical and oncological results after favorable patient selection. Furthermore,
left liver lobe surgery, such as left lateral sectionectomy and left hepatectomy,
is possible through single-port laparoscopic surgery without any significant
deterioration in results compared to MPLH if it is performed by an experienced
surgeon.

13

Research perspectives

In the future work, case controlled and/or large size prospective study will be
needed.
14
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AIM
To investigate the prevalence and clinical significance of
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autoimmune liver disease (ALD)-related autoantibodies
in patients with biliary atresia (BA).

BA from other causes of neonatal cholestasis. We
investigated the prevalence and clinical significance of
autoimmune liver disease-related autoantibodies in BA
patients. The overall positive rate of autoantibodies
in BA was 56.5%. The data showed that frequent
detection of autoantibodies in BA may strongly support
the autoimmune-mediated pathogenesis. Interestingly,
preoperative anti-neutrophil cytoplasmic antibody
positivity was closely associated with prediction of
cholangitis occurrence after Kasai portoenterostomy.

METHODS
Sera of 124 BA patients and 140 age-matched non-BA
controls were assayed for detection of the following
autoantibodies: ALD profile and specific anti-nuclear
antibodies (ANAs), by line-blot assay; ANA and antineutrophil cytoplasmic antibody (ANCA), by indirect
immunofluorescence assay; specific ANCAs and antiM2-3E, by enzyme linked immunosorbent assay.
Associations of these autoantibodies with the clinical
features of BA (i.e. , cytomegalovirus infection, degree
of liver fibrosis, and short-term prognosis of Kasai
procedure) were evaluated by Spearman’s correlation
coefficient.

Pang SY, Dai YM, Zhang RZ, Chen YH, Peng XF, Fu J, Chen
ZR, Liu YF, Yang LY, Wen Z, Yu JK, Liu HY. Autoimmune liver
disease-related autoantibodies in patients with biliary atresia.
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RESULTS
The overall positive rate of serum autoantibodies in
preoperative BA patients was 56.5%. ALD profile assay
showed that the positive reaction to primary biliary
cholangitis-related autoantibodies in BA patients was
higher than that to autoimmune hepatitis-related auto
antibodies. Among these autoantibodies, anti-BPO was
detected more frequently in the BA patients than in
the controls (14.8% vs 2.2%, P < 0.05). Accordingly,
32 (25.8%) of the 124 BA patients also showed a high
positive reaction for anti-M2-3E. By comparison, the
controls had a remarkably lower frequency of anti-M23E (P < 0.05), with 6/92 (8.6%) of patients with other
liver diseases and 2/48 (4.2%) of healthy controls. The
prevalence of ANA in BA patients was 11.3%, which
was higher than that in disease controls (3.3%, P <
0.05), but the reactivity to specific ANAs was only 8.2%.
The prevalence of ANCAs (ANCA or specific ANCAs) in
BA patients was also remarkably higher than that in
the healthy controls (37.9% vs 6.3%, P < 0.05), but
showed no difference from that in patients with other
cholestasis. ANCA positivity was closely associated with
the occurrence of postoperative cholangitis (r = 0.61,
P < 0.05), whereas none of the autoantibodies showed
a correlation to cytomegalovirus infection or the stages
of liver fibrosis.

INTRODUCTION
Biliary atresia (BA) is a severe neonatal disease,
characterized by progressive inflammatory fibrosis and
obliteration of both the intra-hepatic and extra-hepatic
[1,2]
bile ducts . Early Kasai portoenterostomy (KP), the
first-line treatment for BA, may re-establish bile flow
to alleviate liver injury caused by cholestasis and to
[3]
prolong survival with the native liver . However, in
the majority of BA patients, the continued existence
of the bile duct injury may eventually lead to cirrhosis
[4,5]
and need for liver transplantation . Thus, gaining a
better understanding of the pathogenic mechanisms
underlying BA may facilitate early diagnosis or de
velopment of clinical therapies to halt the injury of
hepatic bile ducts and to preserve liver function.
Although the etiology of BA is not fully understood,
accumulated evidence in the literature supports the
theory that a primary perinatal viral infection triggers
an aberrant autoimmune-mediated attack on bile duct
epithelia by molecular mimicry, with both the cellular
and humoral immunity playing important roles in the
[6-9]
BA autoimmune injury mechanism . Several viruses
have been proposed as the infectious agents, and
perinatal infection with the cytomegalovirus (CMV) has
been demonstrated as an important etiological factor
[10]
for BA in China . Periductal immunoglobulin (Ig)
and circulating autoantibodies which might be used in
the classification of autoimmune diseases have been
described in both patients with BA and animal models
[11,12]
of the disease
; unfortunately, the specificity of
these autoantibodies for BA has been far less satisfying.
BA and autoimmune liver disease (ALD) have some
similar clinical manifestations and pathological features.
However, ALD-related autoantibodies have not yet
been comprehensively investigated in BA patients,
to the best of our knowledge. Here, we describe our
investigation into the prevalence of the ALD profile and
the extent of positivity of anti-nuclear antibodies (ANAs)

CONCLUSION
High prevalence of autoantibodies in the BA develop
mental process strongly reveals the autoimmunemediated pathogenesis. Serological ANCA positivity
may be a useful predictive biomarker of postoperative
cholangitis.
Key words: Biliary atresia; Anti-nuclear antibody; Antineutrophilic cytoplasmic antibody; Autoimmune liver
diseases; Autoantibodies
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The autoimmune-mediated pathogenesis of
biliary atresia (BA) is not fully understood, and noninvasive diagnostic methods cannot clearly discriminate
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1

Table 1 Demographic and clinical features, and biochemical parameters of biliary atresia patients and non-biliary atresia controls n (%)
BA, n = 124

Variable

Non-BA, n = 140
2

Age, mo
Sex, male/female
METAVIR score
F0
F1
F2
F3
F4
ALT, U/L
AST, U/L
γ-GT, U/L
ALP, U/L
TBIL, μmol/L
DBIL, μmol/L

2.9 (1.9-3.0)
60/64
4 (3.2)
37 (29.8)
24 (19.4)
50 (40.3)
9 (7.3)
162.4 (104.3-204.6)a
190.5 (151.4-257.4)a
716.0 (411.0-1142.5)a
406.8 (316.5-522.2)a
157.0 (126.5-184.0)a
130.5 (103.5-152.7)a

Other liver diseases , n = 92

Healthy, n = 48

2.8 (2.0-3.2)
50/42

3.4 (2.0-4.0)
25/23

NA
NA
NA
NA
NA
132.0 (70.5-247.5)
195.9 (117.0-292.5)
598.4 (189.5-1043.2)
517.0 (409.7-660.3)
145.7 (107.1-196.5)
110.1 (88.4-137.8)

NA
NA
NA
NA
NA
28.1 (22.4-40.8)
38.0 (26.0-52.3)
32.7 (23.4-46.3)
275.8 (189.0-345.6)
6.5 (2.8-14.8)
3.1 (1.0-4.9)

Data are described as median (interquartile range: 25th-75th percentile). 1Reference intervals: ALT, 3-35 U/L; AST, 5-60 U/L; γ-GT, 13-57 U/L; ALP,
118-390 U/L; TBIL, 2-17 μmol/L; DBIL, 0-7 μmol/L; 2Choledochal cysts, transient cholestasis of unknown origin, and neonatal intrahepatic cholestasis
caused by citrin deficiency were included as disease controls. aP < 0.05 vs healthy controls. ALP: Alkaline phosphatase; ALT: Alanine aminotransferase;
AST: Aspartate aminotransferase; BA: Biliary atresia; DBIL: Direct bilirubin; FO-F4: Fibrosis scores 0-4; γ-GT: Gamma-glutamyl transpeptidase; NA: Not
applicable; TBIL: Total bilirubin.

[16]

and anti-neutrophilic cytoplasmic antibodies (ANCAs)
in the sera of BA patients. The associations of these
autoantibodies with the clinical features of BA were also
assessed statistically.

collected for analysis of short-term outcomes

ALD profile

The line-blot ALD profile contains the primary biliary
cholangitis (PBC)-related antibodies [anti-mitochondrial
antibody, AMA-M2 (pyruvate dehydrogenase complex,
PDC), anti-BPO (recombinant fusion proteins of the
E2 subunits derived from the 2-oxo-acid dehydrog
enase complex targeted by the inner mitochondrial
membrane), anti-Sp100, anti-promyelocytic leukemia
protein (PML), and anti-gp210], autoimmune hepatitis
(AIH)-related antibodies [anti-liver-kidney microsomal
type 1 (LKM-1), anti-liver cytosolic antigen type 1
(LC-1), and anti-soluble liver antigen/liver-pancreas
(SLA/LP)], and anti-Ro-52 antibodies. A commercially
available kit (EUROIMMUN AG, Lübeck, Germany) was
used according to the manufacturer’s instructions.
Signal strengths of > 10 arbitrary units (AUs) were
considered positive.
AMA reactivity was confirmed, with enlarged sample
size by an enhanced anti-M2-3E enzyme linked im
munosorbent assay (ELISA), which mixed enveloped
recombinant fusion protein BPO and natively purified
PDC from bovine heart mitochondria as antigenic targets
(EUROIMMUN AG).

MATERIALS AND METHODS
Case enrollment

A total of 124 preoperative BA patients [mean age:
2.9 mo (interquartile range, IQR: 1.9-3.0)], 92 con
trols with other liver diseases [mean age: 2.8 mo
(IQR: 2.0-3.2); including 42 with choledochal cysts,
35 with transient cholestasis of unknown origin, and
15 with neonatal intrahepatic cholestasis caused by
citrin deficiency], and 48 healthy controls [mean age:
3.4 mo (IQR: 2.0-4.0)] were enrolled in this study.
Table 1 shows the demographic and clinical features,
and biochemical parameters of the study population.
All study participants originated from Guangzhou
Women and Children’s Medical Center (Guangzhou,
China) between January 2015 and December 2016.
Enrollment was proposed to all consecutive infants
with diagnosed BA that had been confirmed by surgical
exploration, cholangiography and histology. Diagnosis
of all controls was based on the criteria published in our
[13]
previous report . Clinical information was collected
when available, including CMV infection, biochemical
indexes, histological liver fibrosis stages, and shortterm outcomes. Histological liver fibrosis in BA was
[14,15]
assessed by METAVIR fibrosis scores (F0-F4)
.
Follow-up data which could evaluate persistence of
jaundice (total bilirubin, TB: > 34 μmol/L), acute liver
injury (alanine aminotransferase, ALT: >35 U/L), and
occurrence of cholangitis within 3-10 mo after KP were
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ANA and specific ANAs

ANA was detected by indirect immunofluorescence (IIF)
using the antigen substrate panel of Hep-2 cells and
primate liver. A serum titer ≥ 1:100 was considered
positive. ANA positivity was subgrouped based upon
the specific fluorescence patterns. Accordingly, lineblot immunoassay was used to determine the IgG
autoantibody panel for 12 specific ANAs, which
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Table 2 Prevalence profile of autoimmune liver disease in biliary atresia patients and non-biliary atresia controls n (%)
BA, n = 81

Variable

Non-BA, n = 88
1

Other liver diseases , n = 44
PBC-related antibodies
AMA-M2
Anti- BPO
Anti-Sp100
Anti-gp210
Anti-PML
AMA-M2 + anti-BPO
AMA-M2 + anti-BPO + anti-Sp100 + anti-PML
AIH-related antibodies
Anti-LKM-1
Anti-LC-1
Anti-SLA/LP
Anti-Ro-52

15 (18.5)c
1 (1.2)
12 (14.8)a,c
1 (1.2)
2 (2.5)
3 (3.7)
1 (1.2)
1 (1.2)
6 (7.4)
0 (0)
5 (6.2)
1 (1.2)
5 (6.2)

4 (9.1)
0 (0)
2 (4.5)
0 (0)
1 (2.3)
1 (2.3)
0 (0)
0 (0)
3 (6.8)
0 (0)
3 (6.8)
0 (0)
2 (4.5)

Healthy, n = 40
1 (2.5)
0 (0)
0 (0)
0 (0)
1 (2.5)
0 (0)
0 (0)
0 (0)
3 (7.5)
0 (0)
3 (7.5)
0 (0)
2 (5)

Total
5 (5.7)
0 (0)
2 (2.2)
0 (0)
2 (2.2)
1 (1.1)
0 (0)
0 (0)
6 (6.8)
0 (0)
6 (6.8)
0 (0)
4 (4.5)

1

Choledochal cysts, transient cholestasis of unknown origin, and neonatal intrahepatic cholestasis caused by citrin deficiency were included as disease
controls. AMA-M2 + M2-3E: combined the positivity to AMA-M2 and BPO; AMA-M2 + BPO + Sp100 + PML: Combined the positivity to AMA-M2, BPO,
Sp100, and PML. cP < 0.05 vs non-BA; aP < 0.05 vs healthy controls. AIH: Autoimmune hepatitis; BA: Biliary atresia; PBC: Primary biliary cholangitis;
LKM-1: Liver-kidney microsomal type 1; LC-1: Liver cytosolic antigen type 1.

consisted of anti-nRNP/Sm, anti-Sm, anti-SS-A, antiRo-52, anti-SS-B, anti-Scl-70, anti-Jo-1, anti-CENP
B, anti-dsDNA, anti-nucleosomes, anti-histone, and
anti-ribosomal phosphoprotein. Experiments were
performed following the manufacturer’s instructions
(EUROIMMUN AG).

as frequencies and/or percentages. For continuous
variables, between-group differences were compared
using the Student’s t-test or the Mann-Whitney U test.
2
For categorical variables, the χ test or Fisher’s exact
test was used to compare the prevalence between
groups when appropriate. Correlation was evaluated
by the Spearman’s correlation coefficient. SPSS 20.0
(IBM Corp. Released 2011. IBM SPSS Statistics for
Windows, Armonk, NY, United States) was used to
perform all statistical analyses. P values < 0.05 were
considered statistically significant.

ANCA and specific ANCAs

A commercially available IIF assay was used for
determination of ANCA on ethanol- and formaldehydefixed human neutrophils (EUROIMMUN AG). A positive
ANCA finding was defined as a titer of antibodies
> 1:10. The ANCA findings were subgrouped into
cytoplasmic (c)-ANCA, perinuclear (p)-ANCA, and
atypical (a)-ANCA according to the fluorescence
patterns. Specific ANCAs of myeloperoxidase (MPO)
and proteinase 3 (PR3) were further assayed by ELISA
(EUROIMMUN AG).

RESULTS
ALD profile in patients with BA compared to controls

Sera of 81 postoperative BA patients and 88 non-BA
controls were evaluated for ALD profile (Table 2). The
88 non-BA controls consisted of 40 healthy controls
and 48 disease controls, including 22 with choledochal
cysts, 14 with neonatal intrahepatic cholestasis caused
by citrin deficiency, and 12 with transient cholestasis
of unknown origin. One or more of the PBC-related
antibodies was detected in 18.5% (15/81) of the
patients with BA. For the PBC-related antibodies, a
positive reaction to AMA-M2, anti-BPO, anti-Sp100,
anti-gp210, and anti-PML in BA patients was found in
1.2%, 14.8%, 1.2%, 2.5% and 3.7%, respectively.
Among these autoantibodies, anti-BPO was detected
more frequently in the BA patients than in the nonBA controls (14.8% vs 2.2%, P < 0.05) or the healthy
controls (14.8% vs 0%, P < 0.05). The prevalence of
any other antibodies was not different between the
BA and non-BA groups. Only 1 (1.2%) in 81 of the BA
patients showed positivity for both AMA-M2 and antiBPO (Figure 1). For the AIH-related antibodies, low
positivity was found in both the BA patients and nonBA controls (7.4% and 6.8%, respectively, P > 0.05).
Among the total 81 postoperative BA patients, 5 (6.2%)

Association of autoantibodies with clinical features

To determine whether the presence of autoantibodies
in BA patients was associated with worse disease
progression, we compared the clinical features of
the BA patients who presented with and without
autoantibodies. The clinical features of 124 BA patients
(mainly composed of those with CMV infection) and
degree of liver fibrosis were retrospectively analyzed for
the period prior to the KP; in addition, the information
of short-term outcomes in 52 BA patients who were
followed postoperatively for > 3 mo was collected, and
24 of those 52 cases were re-assessed for preoperative
and postoperative serum autoantibodies to compare
the change of autoantibodies over time.

Statistical analysis

Normally distributed variables are represented as
mean ± SD, and non-normally distributed variables
as median (IQR). Categorical data are described
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Table 3 Prevalence of anti-nuclear antibodies in biliary atresia patients and non-biliary atresia controls n (%)
1

BA, n = 124

Variable
ANA, by IIF
Fluorescence patterns
Homogeneous
Speckled
Nucleolar
Nuclear dots
Centrosome
Cytoplasm
Ring or rod Golgi
Centromere
Spindle apparatus
Specific ANA2, by line-blot
SSA
Ro-52
CENP B
dsDNA

14 (11.3)

Other liver diseases , n = 92

c

Healthy, n = 48

3 (3.3)

2 (4.2)

3 (2.4)
3 (2.4)
3 (2.4)
1 (0.8)
1 (0.8)
1 (0.8)
1 (0.8)
1 (0.8)
0 (0)

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
2 (2.2)
0 (0)
1 (1.1)

0 (0)
1 (2.1)
1 (2.1)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

1 (0.8)
5 (4.0)
4 (3.2)
3 (2.4)

0 (0)
2 (2.2)
1 (1.1)
0 (0)

0 (0)
2 (4.2)
0 (0)
0 (0)

1

Choledochal cysts, transient cholestasis of unknown origin, and neonatal intrahepatic cholestasis caused by citrin deficiency were included as disease
controls; 2Specific ANAs included 12 different antibodies, with only SSA, Ro-52, CENP B, and dsDNA positive in the study. cP < 0.05 vs other liver diseases.
ANA: Anti-nuclear antibody; BA: Biliary atresia; IIF: Indirect immunofluorescence.

Co
Positive control

Ro-52

SLA/LP

LC-1

LKM-1

gp210

PML

Sp100

BPO

AMA-M2

ALD/52-75
ALD/93-57

BA

ALD/87-31
ALD/89-53

Other
liver
diseases

ALD/198-59
ALD/198-68
ALD/93-54
ALD/52-05

Healthy

ALD/52-74
ALD/87-37

Figure 1 Representative strips after color development by line-blot immunoassay. The line-blot immunoassay strips had been coated with nine autoimmune
liver disease-related antigens, including Ro-52, SLA/LP, LC-1, LKM-1, gp210, PML, Sp100, BPO and AMA-M2 (from left to right). BA group: ALD/93-57 with anti-BPO
+; ALD/87-31 with anti-Ro-52 +++, anti-PML +, anti-Sp100 +, anti-BPO ++, and AMA-M2 +; ALD/89-53 with anti-BPO +; Other liver diseases group: Only ALD/198-59
with anti-LC-1 ±; Healthy group: All autoantibodies were negative. Positive control (ALD/52-75) showed anti-BPO +++ and AMA-M2 +++. Other liver diseases include
choledochal cysts, transient cholestasis of unknown origin, and neonatal intrahepatic cholestasis caused by citrin deficiency. ALD: Autoimmune liver disease; BA:
Biliary atresia; LC-1: Liver cytosolic antigen type 1.

and 1 (1.2%) showed positivity for anti-LC-1 and antiSLA/LP, respectively.
With enlarged sample size, AMA reactivity was
confirmed by an enhanced anti-M2-3E ELISA. As
presented in Figure 2, 32 of the 124 BA patients showed
a higher positive reaction to anti-M2-3E compared to
the disease controls and the healthy controls (25.8%
vs 8.6%, P < 0.05 and 25.8% vs 4.2%, P < 0.05,
respectively).

the main fluorescence patterns of ANA positivity in BA
(Table 3). Patterns involving nuclear dots, centrosome,
cytoplasm, ring or rod Golgi, and centromere were
present occasionally.
The specific ANA findings in the BA patients evaluated
in this study were as follows (Table 3): positivity for
anti-SSA in 1, for anti-Ro-52 in 5, for anti-CENP B in 4,
and for anti-dsDNA in 3. At least one autoantibody was
present in 8.9% (11/124) of the BA patients, which
was a higher rate compared to the non-BA controls, but
the difference did not reach the threshold for statistical
significance. No other specific ANAs were found in the
sera of BA patients.

ANA and specific ANAs in patients with BA compared to
controls

ANA exhibited a higher prevalence in 124 BA patients
compared to 92 patients with other liver diseases
(11.3% vs 3.3%, P < 0.05), but showed no difference
from that in 48 healthy controls (4.2%). Nuclear
homogeneous, speckled, and nucleolar types were
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ANCA and specific ANCAs in patients with BA compared
to controls

Twenty-nine percent (36/124) of BA patients were
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Table 4 Prevalence of anti-neutrophil cytoplasmic antibodies in biliary atresia patients and non-biliary atresia controls n (%)
1

BA, n = 124

Variable
ANCA, by IIF
c-ANCA
p-ANCA
a-ANCA
Specific ANCA, by ELISA
Anti-MPO
Anti-PR3
Anti-MPO and/or anti-PR3
ANCAs

Other liver diseases , n = 92

Healthy, n = 48

a

36 (29.0)
10 (8.1)
25 (20.2)
1 (0.8)

23 (25.0)
1 (1.1)
21 (22.8)
1 (1.1)

2 (4.2)
0 (0)
2 (4.2)
0 (0)

11 (8.9)
19 (15.3)
23 (18.0)a
47 (37.9)a

6 (6.5)
13 (14.2)
13 (14.2)
31 (33.7)

2 (4.2)
0 (0)
2 (4.2)
3 (6.3)

1

Choledochal cysts, transient cholestasis of unknown origin, and neonatal intrahepatic cholestasis caused by citrin deficiency were included as disease
controls. aP < 0.05 vs healthy controls. Anti-MPO and/or anti-PR3: Any positivity of specific ANCAs; ANCAs: Any positivity of ANCAs by IIF or
specific ANCA by ELISA. ANCA: Anti-neutrophil cytoplasmic antibody; BA: Biliary atresia; ELISA: Enzyme linked immunosorbent assay; IIF: Indirect
immunofluorescence.
a
40

prevalence in 124 BA patients than in 140 non-BA
controls. Among the BA patients, 56.5% showed
positivity for at least one type of the autoantibodies
(anti-M2-3E, ANA, and ANCA). Among the 80 BA
patients, 45% had a perinatal infection with CMV
(detected by combined analysis of anti-CMV IgG, IgM,
and CMV DNA). The percentage of CMV infection in the
anti-M2-3E-positive BA patients was similar to that in
the anti-M2-3E-negative BA patients (51.9% vs 41.5%,
P > 0.05). The prevalence of CMV infection in ANCApositive BA patients was higher than that in the ANCAnegative BA patients (54.3% vs 37.8%, P > 0.05).
There was no statistical relationship found between the
presence of these autoantibodies and CMV infection.
Regardless of the severity of fibrosis, anti-M2-3E,
ANA, or ANCA was present in the sera of BA patients.
The positive rates of these autoantibodies showed no
difference according to the extent of fibrosis (F0-F4)
in the 124 BA patients (anti-M2-3E: 25.0%, 27.0%,
16.7%, 32.0%, and 22.2%, respectively, P > 0.05;
ANA: 25.0%, 5.4%, 12.5%, 10.0%, and 22.2%,
respectively, P > 0.05; ANCA: 50.0%, 30.0%, 41.7%,
32.0%, and 44.4%, respectively, P > 0.05).
Interestingly, as presented in Table 5, the pre
valence of ANCA showed a positive correlation to the
occurrence of postoperative cholangitis (r = 0.61, P
< 0.05). Thus, the probability of ANCA negativity in
postoperative cholangitis is very low. ANCA positivity
did not correlate with the persistence of jaundice or
acute liver injury, nor did anti-M2-3E positivity or ANA
positivity show a statistical association with prognosis
associated with the procedure.
The longitudinal (follow-up) findings for auto
antibodies showed that 24 BA patients exhibited slight
variation from the first evaluation to re-assessment
within an average of 6 mo, but without statistically
significant differences between the paired samples.

c

Frequency (%)

35
30
25
20
15
10
5

th
y
al
He

O

th

er

BA

liv
er

be

di

se

fo
re

as

KP

es

0

Figure 2 Positivity of anti-M2-3E detected by enzyme linked immuno
sorbent assay in biliary atresia patients and controls. aP < 0.05 vs healthy
controls; cP < 0.05 vs other liver diseases. Other liver diseases include
choledochal cysts, transient cholestasis of unknown origin, and neonatal
intrahepatic cholestasis caused by citrin deficiency. BA: Biliary atresia; ELISA:
Enzyme linked immunosorbent assay.

positive for ANCA. The prevalence was similar to that
of the patients with other liver diseases (25.0%, P >
0.05), and was higher than that of the healthy controls
(4.2%, P < 0.05) (Table 4). As shown in Figure 3,
p-ANCA and c-ANCA were present more frequently
than a-ANCA in BA patients (20.2% and 8.1%
compared to 0.8%, respectively)
Anti-MPO and anti-PR3, alone or associated, were
found in 23/124 (18.0%) of BA patients, whose
positive rates were higher than those in the healthy
controls (P < 0.05). Among the 124 BA patients, 7
showed positive reactions for both anti-MPO and antiPR3. The prevalence of ANCAs (ANCA, anti-MPO,
or anti-PR3) in BA patients was higher than that in
healthy controls (37.9% vs 6.3%, P < 0.05).

DISCUSSION

Association of autoantibodies with clinical features

[11]

In an earlier study, Hadchouel et al found IgG deposits
on the basement membranes of glandular formations

In this study, anti-M2-3E, ANA, and ANCA had higher
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Table 5 Association of autoantibodies and prognosis of Kasai procedure with follow-up of 52 biliary atresia patients n (%)
Parameter

Anti-M2-3E

TB, μmol/L
ALT, U/L
Occurrence of cholangitis

ANA

ANCA

Positive, n = 17

Negative, n = 35

Positive, n = 8

Negative, n = 44

Positive, n = 29

Negative, n = 23

105.5 ± 80.3
184.1 ± 119.8
9 (52.9)

109.4 ± 106.8
171.7 ± 121.4
20 (57.1)

41.6 ± 49.5
127.9 ± 135.0
5 (62.5)

127.9 ± 135.0
185.8 ± 115.7
24 (54.5)

133.0 ± 120.7
171.46 ± 95.5
24 (82.8)a

85.3 ± 66.2
179.6 ± 140.3
5 (21.7)a

Data are described as mean ± SD. aP < 0.05, r = 0.61; ANCA showed a positive correlation to the occurrence of postoperative cholangitis. TB is showed
as a parameter of persistence of jaundice (TB > 34 μmol/L); ALT is showed as a parameter of acute liver injury (ALT > 35 U/L). ANCAs: Any positivity
of ANCAs or specific ANCAs. ALT: Alanine aminotransferase; ANA: Anti-nuclear antibody; ANCA: Anti-neutrophil cytoplasmic antibody; BA: Biliary
atresia; TB: Total bilirubin.

p-ANCA (Formaldehyde sensitive)

p-ANCA

Formaldehyde-fixed

Ethanol-fixed

c-ANCA

Figure 3 The main fluorescence patterns of anti-neutrophil cytoplasmic antibodies in biliary atresia patients. ANCA detection by indirect immunofluorescence
assays was performed on ethanol-fixed (upper panel) and formaldehyde-fixed (lower panel) human neutrophils. Depending on whether reactivities of formaldehydefixed human neutrophils were positive or not, p-ANCA was divided into p-ANCA with formaldehyde resistance and p-ANCA with formaldehyde sensitivity. ANCA: Antineutrophil cytoplasmic antibody; BA: Biliary atresia; (c)-ANCA: Cytoplasmic-ANCA; (p)-ANCA: Perinuclear-ANCA.

in about one-third of biliary remnants studied. Accu
mulating evidence suggests that the outset of BA may
be triggered by an initial perinatal hepatobiliary viral
[7,17]
infection
. Studies have also demonstrated that CMV
infection initiates the autoimmune process in BA by
targeting intrahepatic biliary epithelial cells of the host,
and that the only reactivity to the α-enolase antibody
[10,18-20]
identified in BA was non-specific in human BA
. To
date, serological specificity is too low for the diagnosis of
BA, making it impossible to avoid damage from invasive
surgery. Thus, the aim of this study was to seek a noninvasive biomarker which can discriminate BA from other
causes of neonatal cholestasis or predict prognosis.
In the present study, 56.5% of BA patients were
positive for at least one type of the autoantibodies.
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The presence of autoantibodies in the BA patients
was not an epiphenomenon, and high prevalence
of autoantibodies in BA provided evidence of an
autoimmune-mediated pathogenesis.
For PBC-related autoantibodies, 18.5% of the
BA patients showed positivity for one or more auto
antibodies. Particularly, anti-BPO was present in 14.8%
(12/81) of the BA patients, which was detected at a
higher frequency than that in the non-BA controls or
healthy subjects but at a lower frequency than that in
[21]
the PBC patients (84.5%) . To our knowledge, this
was the first time that anti-BPO has been detected
in BA infants, as it is often reported in adults but has
[22]
been rarely reported in pediatric patients . Compared
with PBC patients, the sensitivity of both AMA-M2 and
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anti-BPO was relatively lower in BA patients, and the
positivity of anti-BPO was higher than that of AMA-M2.
This finding hinted that the corresponding antigen
epitope of AMA in BA serum was different from that
in PBC serum, whose reaction to E2 subunits of the
oxo-glutarate dehydrogenase complex and branchedchain oxo-acid dehydrogenase complex was higher
than that to PDC-E2. By enlarging the sample size
and adopting ELISA to further confirm the detection
of AMA in BA, we determined that 32 (25.8%) of 124
BA patients had a positive reaction for anti-M2-3E. Yet,
the markedly increased anti-M2-3E positivity was not
associated with CMV infection, severity of liver fibrosis,
or prognosis of the Kasai procedure in BA.
It has been reported that anti-PML and anti-Sp100
are co-immunogenic in PBC patients, correlating with an
[23,24]
unfavorable disease course and fast progression
.
Our findings showed that the positivity for anti-Sp100,
anti-gp210, and anti-PML in BA was rather low, and the
co-existence of anti-Sp100 and anti-PML only occurred
in a single BA patient, whose liver damage developed
rapidly and seriously according to the diagnosis of
pathological biopsy. Anti-gp210 is related to a severe
disease course and poor prognosis of PBC. PBC patients
who are positive for anti-gp210 will progress into liver
[25]
failure more easily . In our study, a total of four study
participants displayed anti-gp210 positivity, including
two with BA, one with choledochal cysts, and one
healthy infant. The two patients with BA presented with
biliary cirrhosis, while the one patient with choledochal
cysts showed middle-stage liver damage. We were
unsure whether the anti-gp210 in the healthy infant
appeared earlier than the clinical manifestations, pos
sibly as an alerting signal, similar to AMA-M2 in PBC.
The AIH-related antibodies showed low positive rates
in both BA and control groups. Among these auto
antibodies, anti-LKM was not detected in any of the BA
patients, which is consistent with the previous report
[26]
by A-Kader et al .
For ANA, our study detected it at a higher frequency
(11.3%) in BA patients than the previous report of
[26]
5% . The prevalence was also significantly higher
than that in patients with other liver diseases in our
study. ANA, presenting mostly with a speckled pattern,
is reportedly positive in approximately 6% of healthy
children, which is similar to that found in the disease
[27,28]
controls and healthy controls of our study
. As
is known, ANA is fundamental for the diagnosis of a
variety of autoimmune diseases, and the clinical value
of ANA testing for autoimmune liver diseases is beyond
[29,30]
doubt
. In our study, neither ANA nor specific ANAs
exhibited any correlation to stages of liver fibrosis or
prognosis of the KP procedure.
Both the positivity and titer of ANA are related to
age of the autoimmune disease patient (being lower
[31,32]
in childhood disease than in adulthood disease)
.
Of note, the average age of BA patients in our study
was 2.9 mo, a period in which nearly all of the IgG is
maternally-derived. Thus, it is possible that maternally-
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derived IgG may cause development of the disease.
[33]
This is in line with the findings of Hannam et al ,
who documented cases where placental transfer of
maternal AMA was associated with neonatal liver
disease. Based on these data, longitudinal analysis
of ANA in BA patients was performed (comparison of
detection at the first evaluation and at re-assessment
within an average 6 mo of follow-up). There were
no significant differences between the preoperative
and the postoperative findings, suggesting that the
autoantibodies that arose in the BA patients may not
be transient.
In addition, the prevalence of ANCA (29.0%) was
remarkably higher in sera from BA patients than in
that of healthy controls, similar to the positivity rates
detected for the special ANCAs, which included antiMPO and anti-PR3. However, the detection of ANCA
in BA did not correspond fully with other reports. In a
[34]
preliminary observation , ANCA was detected in 91%
of patients with BA, and was suggested as a promising
biomarker for an immune-mediated process directed
against specific hepatobiliary antigens; however, in
[26]
another report by A-Kader et al , the ANCA was
positive in only 1 of 20 patients. These differences
in findings might reflect the differences in age of the
patients studied or in the study methods applied.
In our study, we found that ANCA positivity in BA
patients appeared more frequently with postoperative
cholangitis than did ANCA negativity. As is known,
ANCA is not only a helpful tool for establishing the
diagnosis of Wegener’s granulomatosis and microscopic
polyangiitis but also appears with non-vascular chronic
inflammatory diseases. The presence of ANCA has
also been associated with the occurrence of relapses
in AIH, with decreased liver synthesis function in PBC
and with increased cholestasis in primary sclerosing
[12,35]
cholangitis
. One of the minor antigen targets of
ANCA present in BA has been shown to be α-enolase,
which is an enzyme involved in glycolysis and is ubi
quitously expressed in a variety of cells, including
[12]
biliary epithelial cells and hepatocytes . It hinted
that neutrophils may be activated in BA. The priming
of neutrophils with tumor necrosis factor-α induces
marked expression of ANCA antigens on the cell
[36,37]
surface
. The expression of these target antigens
facilitates the interaction with ANCA, resulting in
subsequent polymorphonuclear leukocyte activation,
which then induces production of reactive oxygen
species, release of superoxide, and degranulation of
neutrophils. ANCA was also reported to be involved in
[38,39]
fibrosis of the lung and kidney
; however, we found
that the rates of ANCA positivity were not significantly
different in BA patients with fibrosis from stages F0
to F4, indicating that these antibodies might not be
associated with the severity of liver fibrosis necessarily.
In summary, we found that the prevalence of ANCA
increased prominently in BA, which showed a positive
correlation to the occurrence of postoperative cholangitis.
Although anti-M2-3E was not associated with prognosis
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of the KP procedure, its high prevalence provided
evidence of autoimmune activity in the pathogenesis of
BA. Thus, autoantibodies in sera of BA children were not
an accidental epiphenomenon. Future research in multicenters focusing on identifying potentially pathogenic,
bile duct-specific autoantibodies and the titer and source
of autoantibodies in BA should be pursued.

4

5

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE

6

Research background

Accumulating evidence supports the biliary atresia (BA) pathogenesis theory
of a primary perinatal viral trigger that is followed by an aberrant autoimmunemediated attack on bile duct epithelia, resulting in inflammatory and fibrosing
obstruction of the bile ducts. Similarly, both primary biliary cholangitis and
autoimmune hepatitis are characterized by autoimmune-mediated injury
to liver cells and biliary ducts, and autoimmune liver disease (ALD)-related
autoantibodies play a crucial role in the accurate classification for such. The
authors hypothesized that ALD-related autoantibodies would be also associated
with BA.

7

8

Research motivation

9

No previous study has comprehensively evaluated the prevalence of ALDrelated autoantibodies and their roles in prognosis of BA. The authors
attempted to explore the ALD-related autoantibodies in BA sera.

Research objectives

10

The authors tried to search appropriate non-invasive biomarker for diagnosis
and prognosis of BA.

Research methods

11

The authors collected the sera of BA children and evaluated the prevalence of
ALD-related autoantibodies using multiple methods, including the autoimmune
liver diseases profile and specific anti-nuclear antibodies (ANAs) by lineblot assay; ANA and anti-neutrophil cytoplasmic antibody (ANCA) by indirect
immunofluorescence assay; specific ANCAs and anti-M2-3E by enzyme linked
immunosorbent assay. Simultaneously, associations of these autoantibodies
with the clinical features of followed BA children were evaluated by Spearman’s
correlation coefficient.

12

13

Research results

The overall positivity of serum ALD-related autoantibodies in BA patients
was 56.5%. The prevalence of anti-M2-3E, ANA, and ANCA was significantly
increased in a large cohort of infants with BA. In addition, the authors found
that the ANCA showed a positive correlation to the occurrence of postoperative
cholangitis.

14

Research conclusions

High prevalence of ALD-related autoantibodies in the BA developmental process
strongly reveals the autoimmune-mediated pathogenesis. ANCA positivity may be
a useful serum biomarker to predict postoperative cholangitis of BA.

Research perspectives

Our future research will focus on identifying potentially pathogenic, bile ductspecific autoantibodies and the titer and source of autoantibodies in BA.

15
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Core tip: The relationship between Helicobacter pylori
(H. pylori ) infection and hormonal modulation of
food intake is still controversial. We conducted this
study to evaluate the association between H. pylori
infection, the genotype of infecting strains and the
type of gastric pathology, with serum ghrelin and leptin
concentrations and anthropometric nutritional status
of dyspeptic patients. Our study demonstrated that H.
pylori infection and the severity of gastric pathology
of the corpus are associated with lower ghrelin serum
concentrations. We also observed lower, but not
significantly different, ghrelin levels in patients carrying
cagA positive strains, an observation that should be
evaluated further in future studies.

Abstract
AIM
To evaluate the association of Helicobacter pylori (H.
pylori ), cagA genotype, and type of gastric pathology
with ghrelin, leptin and nutritional status.
METHODS
Fasted dyspeptic adults (18-70 years) referred for an
upper digestive endoscopy were enrolled in this crosssectional study. Height and weight were assessed for
body mass index (BMI) calculation. A sociodemog
raphic survey was administered and nutrient intake
was evaluated with 24 h dietary recalls. Serum total
ghrelin and leptin levels were analyzed by enzyme13
linked immunosorbent assay. C-Urea Breath Test was
performed and four gastric biopsies were obtained
during endoscopy for histopathology and H. pylori
DNA amplification and genotyping. Data analysis was
2
performed using χ , Mann-Whitney U , Kruskal-Wallis
tests, Spearman’s correlation and linear regression.

Mantero P, Matus GS, Corti RE, Cabanne AM, Zerbetto de Palma
GG, Marchesi Olid L, Piskorz MM, Zubillaga MB, Janjetic MA,
Goldman CG. Helicobacter pylori and corpus gastric pathology
are associated with lower serum ghrelin. World J Gastroenterol
2018; 24(3): 397-407 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i3/397.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i3.397

RESULTS
one hundred and sixty-three patients (40.8 ± 14.0
years), 98/65 females/males, were included. Overall,
persistent H. pylori prevalence was 53.4% (95%CI:
45.7%-65.8%). Neither nutrient intake nor BMI
differed significantly between H. pylori positive and
negative groups. Serum ghrelin was significantly
lower in infected patients [median 311.0 pg/mL (IQR
230.0-385.5)] than in uninfected ones [median 355.0
pg/mL (IQR 253.8-547.8)] (P = 0.025), even after
adjusting for BMI and gender (P = 0.03). Ghrelin levels
tended to be lower in patients carrying cagA positive
strains both in the antrum and the corpus; however,
differences with those carrying cagA negative strains
did not reach statistical significance (P = 0.50 and P =
0.49, respectively). In addition, the type and severity
of gastric pathology in the corpus was associated with
lower serum ghrelin (P = 0.04), independently of H.
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INTRODUCTION
[1]

Since its discovery by Drs. Marshall and Warren ,
the bacterium Helicobacter pylori (H. pylori) has
been associated with the development of diverse
gastroduodenal pathologies of the host, from chronic
superficial gastritis to gastric cancer, being classified
as a class I carcinogen for its definite role in this latter
[2,3]
outcome . It is already known that the outcome of
H. pylori colonization is determined by the confluence
of different factors, related not only with its presence
within the stomach, but with colonizing strains, envi
[4,5]
ronmental factors, and susceptibility of the host .
Consequently, only a low proportion of H. pylori per
sistently infected individuals develop gastroduodenal
pathology. Recent data demonstrate 85%-90% of H.
pylori positive individuals are asymptomatic; 6%-20%
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are at risk of developing peptic-ulcer disease; and
[6]
0.1%-1% develop gastric cancer .
The stomach plays an important role in food intake
regulation through the production of ghrelin and leptin,
two neuroendocrine hormones which exert hypothalamic
[7-9]
actions regulating appetite and satiety . Ghrelin is an
orexigenic hormone predominantly produced by the
ghrelin producing cells in the gastric oxyntic mucosa,
which stimulates food intake, decreases energy ex
[10]
penditure and promotes body weight gain . Its main
action at the central nervous system consists in the
stimulation of growth hormone (GH) release, affecting
several physiological processes. In the gastrointestinal
tract, it stimulates gastrin release, gastric acid secretion
[11]
and gastric emptying via vagal activation . In contrast,
leptin exerts anorexigenic effects by acting on the
hypothalamus, suppressing food intake and increasing
energy metabolism. Circulating leptin is mainly provided
by adipocytes production; however, a low proportion is
produced by chief and endocrine P cells in the gastric
[7]
tissue . Gastric leptin also regulates intestinal nutrient
absorption, delays gastric emptying and signals short[9]
term satiety .
Recently, controversial results on the influence of
H. pylori colonization on the gastric regulation of food
intake and body mass index (BMI) have been reported.
Some authors described lower gastric and/or plasmatic
[12-14]
ghrelin levels in H. pylori positive patients
, whereas
others reported similar ghrelin serum concentrations
[15]
for H. pylori positive and negative individuals , or
even higher ghrelin gastric production in infected
[16]
patients . On the other hand, it has been described
that leptin plasmatic concentrations are not effected by
[14]
H. pylori colonization ; however, lower serum leptin
levels have been reported in infected patients without
[15]
a variation in gastric biopsies . After a systematic
review of the literature with a meta-analysis, Nweneka
and Prentice concluded that circulating ghrelin levels
were lower in H. pylori infected than in H. pylori
negative individuals; nevertheless, its variation after
[17]
H. pylori eradication remained controversial . Two
important aspects that would be involved in appetite
hormone levels are the severity and topology of
gastric mucosal affection, although these are not often
[12]
[14]
evaluated. Liew et al
and Chuang et al
reported
an association between chronic gastric inflammation
histology scores and lower plasma ghrelin levels,
and more recently an association has been described
between plasma ghrelin levels and the severity of
atrophy related to H. pylori infection in hemodialysis
[18]
patients . Evaluation of H. pylori cagA genotype
would be also central because CagA protein producing
[5]
strains have a higher interaction with the host ,
exerting cellular effects including the induction of pro[19]
inflammatory signals ; however, the association of
H. pylori colonizing strains genotype with ghrelin levels
[15,20]
has been scarcely studied
.
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This present study was conducted to evaluate
the association of persistent H. pylori infection, the
genotype of infecting H. pylori strain, the type of gastric
pathology and serum ghrelin and leptin concentrations,
in dyspeptic patients with a known nutritional status.

MATERIALS AND METHODS
Patients and ethics

This Cross-Sectional study included 12-h fasted dy
speptic adults (18-70 years) referred for an upper
digestive endoscopy to the Esophagus-Stomach
Section of the Hospital de Gastroenterología “Dr. Carlos
Bonorino Udaondo”, and the Gastroenterology Unit
of the Hospital de Clínicas “José de San Martín”, both
located in Buenos Aires City, Argentina. Inclusion criteria
were the presence of upper gastrointestinal signs and
symptoms (gastroesophageal reflux, oesophagitis,
dispepsia and abdominal pain), while exclusion criteria
were antecedents of gastric surgery, neoplastic disease,
diabetes, celiac disease, thyroid, renal or hepatic
pathologies, drug abuse, coagulopathies, pregnancy,
previous H. pylori treatment and use of antimicro
bials or acid suppressants during the month before
enrollment. The protocol was approved by the ethics
committees of the two hospitals in which patients
were recruited and it was conducted according to the
guidelines laid down in the Declaration of Helsinki
and the Guidelines of Good Clinical Practice. Written
informed consent was obtained from the patients
for inclusion in the study, in which the objectives,
procedures and outcomes were detailed. Patients were
informed about the results of the diagnostic tests and
received the appropriate treatment after an individual
basis.

Epidemiological questionnaire

A sociodemographic survey was administered to
the patients in order to obtain information about
possible predictive variables for H. pylori positivity.
The questionnaire was focused on ethnicity, sociodemographic factors and sanitary conditions.

Anthropometric indicators

Body weight and height were obtained at enrollment
to calculate the Body Mass Index (BMI) of each patient
as their weight in kilograms divided by the square of
their height in meters. Height was recorded using a
stadiometer (Stanley, Morangis, France) to the nearest
0.1 cm, and weight was measured with a portable
mechanical scale (CAM, Buenos Aires, Argentina) to
the nearest 100 g. Underweight, stunting, overweight
and obesity were defined according to the classification
[21]
of the World Health Organization . Anthropometric
techniques were previously standardized according to
[22]
the CDC anthropometry procedures manual . Waist
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circumference was measured with a stretch-resistant
tape to determine abdominal adiposity as a predictor
[23]
of cardiovascular disease risk .

processor (MicromSTP120, ThermoScientific Corp.,
Walldorf, Germany) comprising the following steps:
Formol immersion (2 h), dehydration in alcohol 96%
(6 h), alcohol 100% (4 h) and xylene (3 h), and par
affin immersion at 56-58 ℃ (3 h) and at 62 ℃ (3 h).
Samples were then embedded in paraffin at 62 ℃, from
which 4 µm consecutive sections were obtained for
haematoxylin-eosin and Giemsa histologic staining.
Microscopic assessment was classified according to the
[31]
updated Sydney System Classification .

Dietary assessment

Energy and macronutrient intake were assessed with
24 h dietary recalls administered to the patients. A
book of picture charts was used to aid respondents in
[24]
portion size estimation . Data analysis was performed
using the food composition database compiled in 2007
[25]
by the Argentine Ministry of Health .
13

PCR amplification and determination of H. pylori
genotype

C-Urea Breath Test (13C-UBT)
13

DNA was extracted from gastric biopsies from the antrum
and corpus using the QIAamp Mini Kit (QIAGEN, INC.,
CA, United States) and evaluation of H. pylori vacA and
cagA genotypes was performed by PCR amplification.
Primer sequences (5’-3’) and product base pair sizes
were as follows: va1F (ATGGAAATACAACAAACACAC)
and va1XR (CCTGAGACCGTTCCTACAGC) for vacAS1
[32]
allele (176 bp product) and vacAS2 (203 bp product) ;
cagA22 (GATCCTGCTAGTTTGTCAGCGA) and cagA23
(CTTATCATTCACGAGTTTGAGC) for the cagA gene (127
[33]
bp product) . Amplification was carried out in a total
volume of 50 µL containing 1XTaq polymerase buffer,
1.5 mmol/L MgCl2, 0.2 mmol/L (each) deoxynucleotide,
1.0 U of Platinum® Taq DNA Polymerase (Invitrogen
Argentina, Buenos Aires, Argentina), 0.1 µg each
oligonucleotide primer, and 5 µL of DNA template.
PCR [94 ℃ for 3 min; 35 cycles of 94 ℃ for 30 s, 50 ℃
for 45 s (vacA) or 54 ℃ for 30 s (cagA), and 72 ℃ for
45 s (vacA) or for 30 s (cagA); 72 ℃ for 5 min] was
performed with an automatic thermocycler (MyCycler,
BioRad, CA, United States) and a 10 µL aliquot was
analyzed by electrophoresis through a 1.5% (wt/vol)
agarose gel stained with ethidium bromide. PCR pro
ducts were visualized by excitation under UV light.

The C-UBT was performed using a commercial kit
(TAU-KIT, Isomed Pharma, Madrid, Spain). Briefly, fasted
patients were instructed to drink a 100 mL beverage
enriched in citric acid. After 10 min, two pre-dose basal
exhaled air samples were obtained in hermetically
sealed containers. Each patient was given a 50 mL water
13
solution in which a soluble tablet of 100 mg C-urea
had been dissolved. Two breath samples were collected
after 30 min. Samples were measured in an isotope
ratio mass spectrometer coupled to a gas chroma
tograph (Finnigan MAT GmbH, Thermo Fisher Scientific,
[26,27]
Bremen, Germany) as previously described
. A
change of 3.5‰ in the Delta Over Baseline values was
[28]
considered positive . Urea Hydrolysis Rate (UHR) was
13
calculated from the C-UBT to normalize the results
[29]
by the endogenous CO2 production per body size , as
[30]
previously described .

Ghrelin and leptin determination

Venous blood samples were collected just before
endoscopy. Serum was obtained by centrifugation and
kept at -80 ℃ until assay. Serum total ghrelin levels
were analyzed in duplicate samples by Enzyme-linked
Immunosorbent Assay (ELISA) using a commercial
kit (EMD Millipore Corporation, MO, United States),
and serum leptin concentrations with a commercial
Enzyme Amplified Sensitivity Immunoassay (EASIA) kit
(DIAsource ImmunoAssays SA, Belgium). Absorbance
was measured in a plate reader (Multiskan EX, Thermo
Scientific INC, United States) and the results were
processed with the Cembal 2.2® program (Cembal
Applications 2000-2001, Argentina) to calculate hor
monal concentrations.

H. pylori status determination

H. pylori infection was determined by the three me
13
thodologies described above: C-UBT, histology and
vacA PCR amplification from gastric biopsies. Patients
were considered H. pylori positive with positive results
from at least two of the three diagnostic methods.

Statistical analysis

A sample size of 160 individuals was calculated to
be included in the study using the StatCalc program
(Epi Info Version 3.2, Georgia, United States), setting
an α error of 0.05, a β error of 0.20, an estimated
50% H. pylori infection prevalence in adult patients
and a 25% expected frequency of ghrelin hormonal
variation between the H. pylori positive and negative
2
groups. Statistical analyses were performed by the χ ,
Mann-Whitney U and Kruskal-Wallis tests, Spearman
correlation and linear regression. Significance levels
were set at α < 0.05. Statistical analyses were perfor

Endoscopy

Subjects underwent a routine endoscopic evaluation
of the upper gastrointestinal tract during which two
gastric biopsies from the antrum and two from the
corpus were obtained. One of the samples of each
gastric site was used for histological assessment and
the other one for molecular biology evaluation.

Histological analysis

Gastric biopsies were processed with a spin tissue
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Table 1 Nutrient intake according to Helicobacter pylori infection
Helicobacter pylori negative

Nutrient
Energy (kcal/d)
Carbohydrate (g/d)
Protein (g/d)
Fat (g/d)

Helicobacter pylori positive

Median

IQR

Median

IQR

1627.6
196.4
72.7
59.8

1187.4-2063.0
151.9-251.1
47.6-88.5
37.8-78.5

1748.4
202.5
68.8
60.0

1089.4-2308.8
135.9-311.7
42.7-104.6
34.0-81.1

P value
0.65
0.42
0.91
0.94

IQR: Interquartile range.

Table 2 Anthropometric measurements and hormonal serum concentrations according to Helicobacter pylori status
Variable
Weight (kg)1
Height (m)1
BMI (kg/m2)1
Waist Circunference (cm)1
Ghrelin (pg/mL)2
Leptin (ng/mL)2

Helicobacter pylori negative

Helicobacter pylori positive

66.43 (14.15)
1.61 (0.09)
25.78 (5.13)
83.78 (11.89)
355.0 (253.8-547.8)
1.84 (0.50-5.09)

69.52 (12.71)
1.61 (0.08)
26.93 (4.26)
87.04 (11.09)
311.0 (230.0-385.5)
1.84 (0.80-4.85)

P value
0.08
0.93
0.09
0.08
0.025a
0.87

1

mean (SD); 2median (IQR); aP < 0.05, statistically significant (Mann-Whitney test).

med using SPSS software version 17.0 (IBM SPSS).
The statistical methods of this study were reviewed by
Janjetic MA from the Universidad de Buenos Aires and
CONICET.

Anthropometric indicators of nutritional status showed
that 30/87 (34.5%; 95%CI: 25.3%-44.9%) of the
H. pylori positive patients had under/normo-weight,
35/87 (40.2%; 95%CI: 30.6%-50.7%) overweight,
and 22/87 (25.3%; 95%CI: 17.3%-35.3%) obesity,
whereas 38/76 (50.0%; 95%CI: 39.0%-61.0%) of the
H. pylori negative patients had under/normo-weight,
24/76 (31.6%; 95%CI: 22.2%-42.7%) overweight
and 14/76 (18.4%; 95%CI: 11.3%-28.6%) obesity,
showing no statistically significant differences between
the infected and the uninfected group (P = 0.13).

RESULTS
Epidemiology

The present study included 163 patients (40.8 ± 14.0
years of age), 98/65 females/males. Prevalence of H.
pylori infection was 53.4% (95%CI: 45.7%-65.8%).
H. pylori positive and negative patients did not differ
significantly in terms of age (P = 0.48) or gender (P =
0.46). Sociodemographic variables which proved to be
associated with the infection were ethnicity (P = 0.007),
with a higher H. pylori prevalence in South American
Indians, and poorer sanitary conditions denoted by the
type of house (P = 0.01) and type of flooring (P = 0.03).

Ghrelin and leptin concentrations

Appetite hormones serum concentrations are sum
marized in Table 2. Both ghrelin and leptin serum
levels were found to be higher in females than in
males (P = 0.020 and P < 0.0001). Statistical analysis
demonstrated that the infection was associated with
lower serum ghrelin concentrations (P = 0.025), remain
ing associated after adjusting for BMI and gender in
a linear regression analysis (P = 0.03). On the other
hand, leptin levels did not differ significantly between
the infected and the uninfected group (P = 0.51), even
after adjusting for BMI and gender (P = 0.10).
Figure 1 illustrates the correlation between appetite
hormones serum concentrations and BMI in the whole
population and according to H. pylori status. Serum
leptin values positively correlated with BMI in the
total population (r = 0.52; P < 0.00001), remaining
correlated in the H. pylori negatives (r = 0.63; P <
0.00001) and the H. pylori positives (r = 0.42; P =
0.0001), in which the correlation was obtained only
for infected patients carrying H. pylori cagA positive
strains (r = 0.44; P = 0.0004). In contrast, a week

Food intake

Dietary recalls were collected from all of the participa
ting adults. Table 1 summarizes the macronutrient and
energy intake of the patients according to H. pylori
status. Energy, carbohydrate, protein and fat intake
were not associated with H. pylori infection.

Anthropometric indicators

Anthropometric measurements in H. pylori positive
and negative patients are described in Table 2. BMI of
the patients did not differ significantly according to H.
pylori status (P = 0.09), and neither did the percentage
of patients with abdominal adiposity, denoted by
a high waist circumference (47.1% of the infected
patients vs 43.4% of the uninfected patients; P = 0.63).
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A

H. pylori positive
25

25

r = 0.42
P = 0.0001a

r = 0.63
P < 0.00001a

20
Leptin (ng/mL)

20
Leptin (ng/mL)
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15
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0
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20
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r = -0.27
P = 0.026
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2
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P = 0.026
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Figure 1 Relationship between leptin and ghrelin serum concentrations and body mass index according to: Helicobacter pylori status (A) and Helicobacter
pylori cagA genotype of infected patients (B). R-values represent Spearman Rank coefficients in multivariate linear regressions, and P values were calculated
based on the regressions. aStatistically significant (Spearman correlation). BMI: Body mass index.
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Table 3 Type of gastric pathology in Helicobacter pylori positive and negative patients
Type of gastric pathology

Helicobacter pylori positive (%)

Helicobacter pylori negative (%)

n = 82
0.0
4.9
78.0
17.1
n = 77
2.6
9.1
84.4
3.9

n = 70
78.6
12.8
5.7
2.9
n = 58
77.6
8.6
6.9
6.9

Antrum
Normal
Chronic inactive gastritis
Chronic active gastritis
Atrophy or intestinal metaplasia
Corpus
Normal
Chronic inactive gastritis
Chronic active gastritis
Atrophy or intestinal metaplasia

P value

< 0.0001a

< 0.0001a

a

P < 0.05, statistically significant (Chi-squared test).

inverse correlation was found between serum ghrelin
values and BMI in the whole population (r = -0.23; P =
0.0036) and in the H. pylori positive group (r = -0.34;
P = 0.0012), while a lack of correlation was obtained
for ghrelin values and BMI in uninfected patients (r
= -0.13; P = 0.26). When the results of the infected
group were analyzed by cagA genotype, ghrelin levels
remained inversely correlated with BMI both in the
cagA positive (r = -0.27; P = 0.026) and the cagA
negative group (r = -0.45; P = 0.026) (Figure 1).

pylori cagA positive genotype in the antrum and the
corpus was 74.7% (95%CI: 64.4%-82.8%). From 62
H. pylori vacAS1 gastric biopsies, 53 (85.5%) were
cagA positive and 9 (14.5%) were cagA negative
both in the antrum and the corpus; while from 18 H.
pylori vacAS2 antrum gastric biopsies and 19 corpus
gastric biopsies, 5 (27.8%) and 8 (42.1%) were cagA
positive, whereas 13 (72.2%) and 11 (57.9%) were
cagA negative. Due to the association found in this
study between H. pylori infection and lower ghrelin
serum levels, we investigated whether ghrelin levels
of infected patients differed according to their cagA
genotype (Table 5). Although a tendency towards
lower ghrelin levels could be observed from antrum
and corpus cagA positive patients, differences with
cagA negative patients did not reach statistical
significance (P = 0.50 and P = 0.49, respectively). On
the other hand, no statistically significant difference
was obtained for the BMI of infected patients carrying
a cagA negative genotype from those carrying cagA
positive strains in the gastric antrum (P = 0.94) or
corpus (P = 0.65).

Gastric pathology, H. pylori infection and appetite
hormones concentrations

Results of histopathology analysis of gastric biopsies
are presented in Table 3. Histological analysis from
gastric biopsies could not be performed in 11/163
(6.7%) antrum samples and 28/163 (17.2%) body
samples. Presence of H. pylori was associated with
the type of gastric pathology both in the antrum (P <
0.0001) and the corpus (P < 0.0001), with a higher
prevalence of active chronic gastritis among H. pylori
[34]
positive patients, as has been widely described . Table
4 summarizes the results obtained from the analysis
of serum ghrelin concentrations according to the type
of gastric pathology of the antrum and the corpus in
all the patients, independently of their H. pylori status.
The type and severity of gastric pathology in the corpus
were associated with lower serum ghrelin levels (P =
0.04). The Kruskal Wallis post-hoc analysis revealed
that ghrelin levels differed significantly among all the
types of gastric pathology in the corpus except in the
chronic inactive and active gastritis groups. On the
other hand, gastric pathology of the antrum was not
associated with ghrelin levels (P = 0.08).

DISCUSSION
The relationship between H. pylori infection and
hormonal modulation of food intake, although lately
investigated, is still controversial. We conducted this
study to evaluate the presence of an association,
in dyspeptic patients, between persistent H. pylori
infection, the genotype of infecting strain, the type of
gastric pathology, and the serum ghrelin and leptin
levels in patients with a measured anthropometric
nutritional status. Our study demonstrated that H.
pylori infected patients had lower serum ghrelin
concentrations than the uninfected ones, independently
of their BMI or gender, supporting the findings from
[12-14,17,35]
several groups
. It has been demonstrated that
ghrelin exhibits gastroprotective antioxidant and anti[36-38]
inflammatory effects
, modulating gastric mucosal
inflammation induced by H. pylori lipopolysacaccharide

H. pylori genotype, ghrelin serum levels and BMI

The distribution of H. pylori vacA and cagA genotypes
from infected patients were as follows: The vacA S1
allele was detected in 77.0% of the H. pylori positive
patients, while the vacA S2 allele was amplified in
23.0% of the positive group. Overall prevalence of H.

WJG|www.wjgnet.com

403

January 21, 2018|Volume 24|Issue 3|

Mantero P et al . H. pylori , ghrelin and leptin
Table 4 Serum ghrelin levels according to gastric pathology independently of Helicobacter pylori status
Type of gastric pathology
Antrum
Corpus

Ghrelin levels (pg/mL)

1

P value

Normal

Chronic inactive gastritis

Chronic active gastritis

Atrophy/intestinal metaplasia

365.5 (256.0-594.0)
334.5 (242.0-549.0)

334.5 (223.3-368.0)
323.8 (238.5-371.0)

306.8 (255.3-389.6)
305.0 (234.0-395.5)

294.0 (182.8-441.1)
161.0 (150.0-289.0)

0.08
< 0.04a

median (IQR); aStatistically significant (Kruskal Wallis test).

1

Circulating ghrelin and leptin levels were described
[44]
to be similar between gender ; however, we found
higher hormonal levels in women than in men, as des
[16]
cribed in previous reports . Our results also showed
that circulating leptin concentrations positively cor
related with BMI of the patients independently of their H.
pylori status; however, when the results were analyzed
according to H. pylori genotype, leptin serum levels
remained positively correlated with BMI only in infected
patients carrying cagA positive strains. Such results
[15]
are coincident with those reported by Roper et al . In
addition, ghrelin serum levels inversely correlated with
BMI of infected patients independently of their cagA
genotype.
H. pylori positivity was associated with lower
ghrelin concentrations; however, we were not able
to demonstrate a statistically significant difference
in hormonal levels according to the cagA genotype
despite finding a tendency towards lower ghrelin
levels in cagA positive patients. It should be pointed
out this study was powered to detect differences in
hormonal concentrations between H. pylori infected and
uninfected patients. Consequently, the high prevalence
of the cagA positive genotype in our population (74.7%)
and the low number of patients carrying the vacA
S2 cagA positive less frequent allele, along with an
insufficient sample size of infected individuals, may
have prevented the observation of these differences, if
any.
Another important aspect evaluated in this study
was the relationship between the type of gastric
pathology and appetite hormones level. The results
demonstrated that the type and severity of gastric
pathology in the corpus were associated with lower
ghrelin serum levels, independently of H. pylori
status. Our findings are similar to the ones of Isomoto
[40]
et al , and to those recently reported by Ichikawa
[18]
et al , which described a decrease in plasma acyland desacyl-ghrelin levels according to the severity
of atrophy in hemodialysis patients. The location of
[10]
ghrelin producing cells in the gastric fundus-corpus
is consistent with these results. The small number of
patients with gastric atrophy or intestinal metaplasia
in the H. pylori positive and negative groups did not
allow us to seek an association between ghrelin levels
and gastric atrophy according to H. pylori status. In
addition, the histological evaluation of one biopsy

Serum ghrelin according to cagA genotype of
Helicobacter pylori infected patients
Table 5

Gastric location

Ghrelin levels (pg/mL)

cagA positive
Antrum
Corpus

1

P value

cagA negative

306.50 (191.00-385.50) 325.50 (258.00-382.00)
311.00 (197.00-395.50) 327.25 (267.00-380.75)

0.50
0.49

1

median (IQR).

(LPS) through several mechanisms which were recently
[39]
reviewed . Ghrelin circulating levels were described
to rise in response to severe gastric oxidative stress
induced during acute gastritis or peptic ulcer disease;
however, its concentration decreases concomitantly
[36]
with injury of the gastric glands . Our results of
lower ghrelin levels in persistently infected patients
are consistent with these findings, and with the ones
[35,40]
from other studies
. In contrast, leptin levels
were not associated to H. pylori infection in our
[14]
studied population, as reported by other authors ,
but contrary to previous reports that found lower
[15]
serum leptin levels in infected individuals . Despite
the lower ghrelin serum concentrations in H. pylori
positive patients, their food intake and BMI did not
differ when compared to uninfected patients. A lack
of association between H. pylori infection and dietary
intake was previously reported by our group in
[30]
dyspeptic children , and by a Japanese group which
described a tendency towards higher energy and
carbohydrate intake in H. pylori seropositive adults
but no statistically significant difference in relation
[41]
to seronegative adults values , which is consistent
with the findings of the present study. We used the
24-hour dietary recall for dietary assessment, which
might limit our results particularly due to the patients’
[42]
unintentional misreport . However, we consider that
the complex and multifactorial nature of food intake
regulation would be a more accurate explanation for
[9]
[43]
these findings . In this way, a study by Carrasco et al
showed that the greater decrease in ghrelin levels one
year after resective bypass was not associated with
differences in dietary intake or weight loss at the same
time point. The authors suggest that the restriction
of the stomach capacity along with other hormonal
mechanisms would be more relevant than the decrease
[43]
of ghrelin levels on food intake and weight loss .
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1.84 ng/mL (0.80-4.85) vs 1.84 ng/mL (0.50 - 5.09), (P = 0.51)].

from each gastric compartment should be also taken
into consideration as a biopsy-based sampling error
that could limit our results. Future studies should be
performed with a different study design or a higher
sample size, where the number of patients with this
pathological condition would allow the investigation of
that relationship.
In conclusion, our study demonstrated that per
sistent H. pylori infection and the severity of gastric
pathology of the corpus are associated with lower
ghrelin serum concentrations in dyspeptic patients.
Future studies are needed to determine if significantly
lower ghrelin levels are observed in cagA positive
patients.

Research conclusions

Our study demonstrated that H. pylori infection and the severity of gastric
pathology of the corpus are associated with lower ghrelin serum concentrations.
We also observed lower, but not significantly different ghrelin levels in patients
carrying cagA positive strains, an observation that should be evaluated further
in future studies.

Research perspectives

Our conclusions highlight the importance of investigating the effect of H. pylori
eradication on ghrelin circulating levels regarding the genotype of infecting
strains.
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Research background

The stomach participates in the production of ghrelin and leptin, two important
neuroendocrine hormones in food intake modulation. Helicobacter pylori (H.
pylori) infection has been associated with several pathologies affecting the
gastroduodenal mucosa, for which reason it would be important to find out
whether it could alter circulating levels of these hormones and ultimately, the
body mass index (BMI).
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Abstract
AIM
To evaluate the use of fully covered self-expandable
metal stents (FCSEMSs) for pancreatic duct strictures in
children with chronic pancreatitis.

Informed consent statement: Patients were not required to
provide informed consent for this study because the analysis used
anonymous clinical data that were obtained after each patient had
agreed to treatment with written consent.

METHODS
Eight patients with refractory benign dominant stricture
of the main pancreatic duct (MPD) were enrolled
through chart reviews between December 2014 and
June 2017 in a single center. Endoscopic retrograde
cholangiopancreatography (ERCP) with placement
of a 6-mm FCSEMS with dual flaps was performed.
Endoscopic removal of FCSEMSs was performed with
a snare or rat-tooth forceps. All procedures were
performed by a pediatric gastroenterologist. For the
assessment of outcomes, technical and clinical success,
adverse events, and stent patency were evaluated
retrospectively.
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WJG|www.wjgnet.com

408

January 21, 2018|Volume 24|Issue 3|

Jeong IS et al . FCSEMS application in children with MPD stricture
[4]

RESULTS
The placement and removal of the FCSEMSs were
successful in all 8 patients. Five patients were boys
and 3 were girls. The median age at initial FCSEMS
placement was 12 years (range, 5-18 years). The
diameters of all the inserted stents were 6 mm, and
the lengths were 4-7 cm. The median indwelling time
was 6 mo (range, 3-10 mo). No pancreatic sepsis,
pancreatitis, cholestasis, or mortality occurred. There
was no proximal and distal migration. All subjects
showed a patent stent. On follow-up ERCP, the mean
diameter of the stricture improved from 1.1 mm to
2.8 mm (P < 0.05), whereas that of upstream dilation
improved from 8.4 mm to 6.3 mm (P < 0.05).

frame of the uncovered SEMSs .
As SEMSs were initially used for malignant bili
[5]
ary obstruction , FCSEMSs have been widely used
for the management of biliary and pancreatic duct
[6]
strictures in adults . FCSEMSs have proven to be a
particularly useful intervention for malignant biliary
[7,8]
obstruction , and their use in the management of
[9]
benign biliary strictures has been expanding steadily .
In recent studies, FCSEMSs were increasingly used for
the management of MPD strictures refractory to PS
[10]
placement in adults .
In general, studies on the application of stents in
pediatric patients are lacking. However, most pediatric
studies of endoscopic retrograde cholangiopancrea
tography (ERCP), including our previous study, investi
gated the use of PSs; therefore, stenting is an important
[11-13]
indication in pediatric ERCP
. One pediatric study
showed that PS placement was effective for reducing
[14]
the recurrence of pancreatitis .
For these reasons, FCSEMSs may be useful even in
pediatric populations. In this study, we evaluated the
feasibility, safety, and therapeutic effect of FCSEMSs for
the management of benign MPD strictures in pediatric
patients with chronic pancreatitis (CP).

CONCLUSION
This initial experience showed that temporary FCSEMS
placement is feasible and safe for the management of
refractory benign MPD stricture in children.
Key words: Chronic pancreatitis; Pancreatic duct; Selfexpandable metal stent; Child; Endoscopic retrograde
cholangiopancreatography
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: This study reports the initial experience
with the use of fully covered self-expandable metal
stents (FCSEMSs) for recurrent benign pancreatic duct
strictures in children. We indwelled 6-mm FCSEMSs with
dual flaps in the pancreatic duct of pediatric patients
for 6 mo. The placement and removal of the FCSEMSs
were technically and clinically successful. There were
no adverse events or stent obstruction. The findings
support the applicability of FCSEMSs to the pediatric
population.

Patients

This was a retrospective study of data collected
through medical chart reviews between December
2014 and June 2017 at Asan Medical Center Children’
s Hospital in Seoul, South Korea. Eight patients with
CP and benign dominant MPD stricture refractory to PS
placement were enrolled (Table 1). Patients with MPD
dilatation due to a malignant cause or trauma were
excluded. Five patients were boys and 3 were girls.
Their median age was 12 years (range, 5-18 years).
The patients in this study had pancreatic divisum and/
or gene mutations. The genetic mutations were PRSS1
p.Gly208Ala, PRSS1 p.Arg122His, SPINK1 p.Asn34Ser,
SPINK1 p.ThrT53Ilefs*41, SPINK1 IVS3(+2)T>C, and
CFTR p.Gln1352His. The strictures were located at the
pancreatic head in 5 patients, at the pancreatic neck
in 2 patients, and at the pancreatic body in 1 patient.
The subjects had a history of previous PS trials after
endoscopic sphincterotomy. The median number of
days and total duration of PS placement were 2 d
(range, 1-7 d) and 57 d (range, 1-431 d), respectively.
The stricture was verified using imaging methods
[ultrasonography, computed tomography, endoscopic
retrograde pancreatography (ERP), or magnetic re
sonance cholangiography]. A dominant stricture was
defined when the contrast medium on the ERP film was
not washed out and the upstream MPD dilation was ≥
[15]
6 mm in diameter .

Jeong IS, Lee SH, Oh SH, Park DH, Kim KM. Metal stents
placement for refractory pancreatic duct stricture in children.
World J Gastroenterol 2018; 24(3): 408-414 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i3/408.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i3.408

INTRODUCTION
Plastic stents (PSs) or metal stents have been widely
used for the management of biliary and pancreatic
[1]
duct strictures in endoscopic interventions . The fully
covered self-expandable metal stent (FCSEMS) was
designed to compensate for the defects of PSs and
uncovered self-expandable metal stents (SEMSs).
The SEMS has the advantages of longer patency and
resolution of main pancreatic duct (MPD) strictures
because its lumen diameter is larger than that of the
[2,3]
PS . Meanwhile, the FCSEMS has been shown to
improve tissue embedding by wrapping around the
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Table 1 Baseline characteristics of the 8 patients with refractory benign dominant main pancreatic duct strictures treated with a
fully covered self-expandable metal stent
Case no.

No. of previous Placement time for Age at first insertion
1
plastic stent each plastic stent (d), of a FCSEMS (yr)
median (range)
placements

Sex

Anatomical
abnormality

Genetic
mutation

1
2
3

F
M
M

PRSS1
SPINK1
-

2
7
4

25.5 (19-32)
42.0 (4-93)
126.5 (63-431)

4
5
6
7
8

M
F
M
F
M

Pancreas divisum
Incomplete
pancreas divisum
Pancreas divisum
-

CFTR
PRSS1
PRSS1
SPINK1
SPINK1

3
1
2
1
1

57.0 (1-109)
46.0
58 (24-92)
87
29

Location of
the stricture

Diameter and length
of the stent (mm/cm)

17
12
10

Head
Head
Head

6/4
6/5
6/6

12
18
5
9
16

Body
Neck
Head
Head
Neck

6/7
6/7
6/4
6/4
6/7

1

Single and multiple stents were used in our study. FCSEMS: Fully covered self-expandable metal stent.

A

B

C

Figure 1 The fully covered self-expandable metal stent with 3 flaps at both ends used in this study (Hanarostent Biliary dual flap; M.I. Tech, Seoul, South
Korea). A and B: The border between the gray and yellow points, shown by the blue arrows, marks the end of the stent. C: Small red arrow heads indicate the flaps.

was performed by an adult and pediatric gastroen
terologist. Thereafter, all procedures were performed by
a pediatric gastroenterologist. ERP was performed using
either an adult duodenoscope (JF; Olympus Optical,
Tokyo, Japan) or a therapeutic duodenoscope (TJF,
Olympus Optical, Tokyo, Japan). Commercially available
6-mm FCSEMSs (Hanarostent Biliary dual flap; M.I.
Tech, Seoul, South Korea) that consisted of nitinol
material with a silicone covering membrane were used
(Figure 1). After the endoscopic sphincterotomy, which
had been described elsewhere, dilatation of the stricture
was performed with a Soehendra stent retriever (Wilson
Cook Medical, Winston-Salem, NC, United States)
and/or a Hurricane dilator balloon (Boston Scientific,
Natick, MA, United States) prior to stent placement.
The insertion length of the stent was determined such
that at least 1 cm of ampulla and normal area at the
end of the stenosis were each covered. Repositioning
was carried out until the stent was fully inflated and
placed in the targeted location. On the basis of previous
[16]
studies in adults , stent removal was planned with rattooth forceps at 6 mo after placement, unless adverse
events or episodes of pancreatitis had occurred.
Informed consent was obtained from the parents of the
patients, after the risks and benefits of the procedure
and alternative treatments were explained. The study
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protocol was approved by the institutional review board
of Asan Medical Center (2017-0210).

Measurement of outcome

Feasibility was evaluated in terms of technical success,
migration, and patency. Technical success was deter
mined in accordance with the success of stent placement
and removal. Successful stenting was attained when the
stent passed through the stricture and the mesh spread
easily, followed by a flow of pancreatic juice or washing
fluid into the lumen of the stent. Successful removal was
attained when the entire stent was removed without
ductal leakage during contrast medium injection. Stent
patency was assessed via visual inspection when the
FCSEMS was removed. Efficacy was evaluated according
to the improvements of the stricture and reduction of
pancreatic pain and pancreatitis. Stricture improvement
was evaluated by measuring the diameter of the
stricture and the upstream dilation of the MPD as shown
on pancreatography after the removal of the first metal
stent. Safety was evaluated based on the occurrence of
adverse events such as pancreatitis, cholestasis, bowel
perforation, sepsis, or mortality. Blood pressure, heart
rate, body temperature, laboratory tests (complete
blood count and C-reactive protein, total bilirubin, direct
bilirubin, amylase, and lipase levels), and abdominal
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Table 2 Resolution of pancreatic duct strictures after the first placement of a fully covered self-expandable metal stent
Case no.

Duration of stenting (mo)

1
2
3
4
5
6
7
8
mean ± SD
P value

3
10
6
6
6
6
6
6
62
NA

Diameter of the stricture (cm)

1

Diameter of the dilated segment (cm)

Pre

Post

Pre

Post

0.8
1.5
1.2
0.9
1.0
0.9
1.6
0.8
1.1 ± 0.3

3.0
2.0
3.4
3.4
4.4
0.9
2.1
3.0
2.8 ± 0.9

6.5
12.1
11.3
8.1
7.1
6.0
9.4
7.0
8.4 ± 2.5

4.9
8.7
7.1
6.4
5.0
5.2
6.1
7.0
6.3 ± 1.6

0.017

0.018

The diameter was measured at the dilated segment upstream of the pancreatic duct stricture; 2Expressed as a median value. NA: Not applicable.

1

radiographs were conducted at 3 d and 14-21 d after
FCSEMS placement to evaluate for short-term adverse
events.

The diameter of the upstream dilatation showed
improvement from 8.4 ± 2.5 cm to 6.3 ± 1.6 cm after
stenting (P < 0.05).

Statistical analyses

Safety

The Wilcoxon signed-rank test was used to compare
changes in the diameter of the pancreatic duct between
pre- and post-FCSEMS measurements. The IBM SPSS
Statistics ver. 23.0 (IBM Co., Armonk, NY, United
States) software was used for statistical analysis,
and the stenting duration and patency are expressed
as median values and ranges. P values < 0.05 were
considered statistically significant.

No adverse events such as pancreatitis, cholestasis,
sepsis, bowel perforation, or mortality occurred during
FCSEMS placement (Table 3).

DISCUSSION
We, herein, report the first case series of the use
of FCSEMSs in pediatric patients with CP and MPD
strictures refractory to PS placement. Despite the
small sample size and lack of long-term follow-up, this
preliminary study presents evidence of the feasibility
of the use of FCSEMS even in children, with technical
and functional success. The disadvantages of PSs
include migration and occlusion by sludge, resulting
[17]
in necessary replacement at around 3 mo . In a
previous study, FCSEMSs in the management of
MPD stricture showed efficacy and safety at 6-mo
[16]
intervals in adults . We suggest that our short-term
outcomes are similar to the results for adults in terms
of the improvement of strictures and the safety of
[17]
the procedure . Uncovered SEMSs are associated
with tissue ingrowth through the stent mesh, which
[18]
makes their removal difficult . Tissue hyperplasia
was reported in 23% of patients with partially covered
[19]
stents . When the stent was pulled using rat-tooth
forceps at the scheduled removal time, the stent moved
easily out of the pancreatic duct without resistance.
Initially, the introduction of FCSEMSs solved the
tissue ingrowth issue but led to greater stent migration,
[20]
with an incidence as high as 41% . To overcome
this challenge, fins and flaps have been incorporated
[8,21]
into these devices
. During our procedure with
a dual-flapped FCSEMS, we did not encounter any
bleeding, ulcers, or migration problems. In terms of
bioavailability, the nitinol materials and silicone mem
branes of the FCSEMSs applied in the present study
series have been used safely in a previous study on the
[22]
drainage of walled-off necrosis in children .

RESULTS
Evaluation of feasibility

In all 8 patients, the placement of the FCSEMS with
dual flaps was technically successful. The diameters of
all inserted stents were 6 mm, and the lengths were
4-7 cm. The stents were successfully removed in all
patients. The median indwelling time of stenting was
6 mo (range, 3-10 mo; Table 2). One patient had the
stent removed 4 mo later than the planned time of
removal because of personal reasons. However, stent
embedding and occlusion did not develop (Figure 2).
The patency of the stent lumen in the 8 patients with
an FCSEMS had been maintained upon assessment at
the time of stent removal. No stent migrations were
observed.

Evaluation of efficacy

Recurrent pancreatitis and pancreatic pain did not
develop in 4 patients during FCSEMS placement.
In 1 patient, pain developed 3 mo after stenting,
resulting in an early removal that revealed remnant
stones blocking the distal MPD, although the lumen
of the FCSEMS was patent. Following the removal
of the stone and reinsertion of the stent, the pain
disappeared and statistically significant improvements
in stricture and upstream dilation were observed. The
mean stricture diameter was 1.1 ± 0.3 cm before
stenting and 2.8 ± 0.9 cm after stenting (P < 0.05).
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Table 3 Feasibility and safety of the placement of a fully covered self-expandable metal stent based on the occurrence of adverse
events
Case no.
1
2
3
4
5
6
7
8

Stent migration

Stent patency

Pancreatitis

Cholestasis

Bowel perforation

Sepsis

Mortality

N
N
N
N
N
N
N
N

Y
Y
Y
Y
Y
Y
Y
Y

N
N
N
N
N
N
N
N

N
N
N
N
N
N
N
N

N
N
N
N
N
N
N
N

N
N
N
N
N
N
N
N

N
N
N
N
N
N
N
N

N: No; Y: Yes.

A

B

C

D

Figure 2 Endoscopic retrograde pancreatography images for case 3. A: Pancreatography image showing a pancreatic duct stricture in the pancreatic neck
before the insertion of the fully covered self-expandable metal stent (FCSEMS). B and C: An FCSEMS with flaps placed through the narrow pancreatic duct. D: The
stent lumen showing patency at 6 mo after FCSEMS placement.

condition as well as surgical recommendations cannot be
automatically applied to pediatric cases. Therefore, until
these problems are definitively resolved, endoscopic
rather than surgical treatment should be considered in
children.
In conclusion, this study showed that the use of
FCSEMSs is feasible and safe and may be effective for
the management of children with refractory benign
MPD strictures. A future long-term investigation with a
greater number of patients is warranted.

The major cause of CP in pediatric patients is
hereditary pancreatitis rather than gallstones and
[23,24]
alcoholism
. Furthermore, because the pancreas
reserve of pediatric patients may worsen over time,
considering total pancreatectomy with autologous islet
transplantation (TP-IAT) may be much more important
[25]
in children . Surgery can result in a reduction of
chronic pain through TP-IAT, which was shown to have
a more protective effect against negative developments
[26]
such as postoperative diabetes in preadolescence .
However, insulin dependency was still present in
[27]
approximately 40% of postoperative patients . Surgical
burdens including morbidity, gastric motility dysfunction,
and endocrine and exocrine replacement may also
[28,29]
occur
. Given that the cause of CP differs between
adults and children, adult guidelines for treating this

WJG|www.wjgnet.com

Article
ARTICLEHighlights
HIGHLIGHTS
Research background

Plastic stents (PSs) or metal stents have been widely used for the management
of biliary and pancreatic duct strictures in endoscopic interventions. The fully
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covered self-expandable metal stent (FCSEMS) was designed to compensate
for the defects of PSs and uncovered self-expandable metal stents (SEMSs).
FCSEMSs have been widely used for the management of biliary and pancreatic
duct strictures in adults. In general, studies on the application of stents in
pediatric patients are lacking. This study reported our experience with using
FCSEMS as part of the treatment for benign main pancreatic duct (MPD)
strictures in pediatric patients with chronic pancreatitis (CP).

population with CP and MPD strictures refractory to PS placement. Despite
the small sample size and lack of long-term follow-up, this preliminary study
presents evidence of the feasibility of using FCSEMS even in children, with
technical and functional success. A future long-term investigation with a greater
number of patients is warranted.
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Abstract
AIM
To optimize the hepatobiliary phase delay time (HBPDT) of Gd-EOB-DTPA-enhanced magnetic resonance
imaging (GED-MRI) for more efficient identification of
hepatocellular carcinoma (HCC) occurring in different
degrees of cirrhosis assessed by Child-Pugh (CP) score.

Informed consent statement: Written informed consent for the
GED-MRI scanning was obtained from all the enrolled patients
and controls.
Conflict-of-interest statement: All the authors listed above
have no potential conflicts of interest relevant to this article to
report.

METHODS
The liver parenchyma signal intensity (LPSI), the liver
parenchyma (LP)/HCC signal ratios, and the visibility of
HCC at HBP-DT of 5, 10, 15, 20, and 25 min (i.e. , DT-5,
DT-10, DT-15, DT-20, and DT-25 ) after injection of GdEOB-DTPA were collected and analyzed in 73 patients
with cirrhosis of different degrees of severity (including
42 patients suffering from HCC) and 18 healthy adult
controls.
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reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
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RESULTS
The LPSI increased with HBP-DT more significantly
in the healthy group than in the cirrhosis group (F =
17.361, P < 0.001). The LP/HCC signal ratios had a
significant difference (F = 12.453, P < 0.001) among
various HBP-DT points, as well as between CP-A
and CP-B/C subgroups (F = 9.761, P < 0.001). The
constituent ratios of HCC foci identified as obvious
hypointensity (+++), moderate hypointensity (++),
and mild hypointensity or isointensity (+/-) kept stable
from DT-10 to DT-25: 90.6%, 9.4%, and 0.0% in the
CP-A subgroup; 50.0%, 50.0%, and 0.0% in the CP-B
subgroup; and 0.0%, 0.0%, and 100.0% in the CP-C
subgroup, respectively.

which can be taken mainly by hepatocytes with relative
specificity. It has been used more and more frequently
in magnetic resonance imaging (MRI) to provide better
diagnosis, differential diagnosis, assessment of hepatic
function, and imaging of bile ducts in patients with
[1-3]
liver-occupying lesions . Gd-EOB-DTPA-enhanced
MRI (GED-MRI) is proven to have marked advantages
over contrast-enhanced computed tomography (CT)
in finding smaller hepatocellular carcinoma (HCC),
especially those with a diameter less than 20 mm,
as well as the recurrent HCC after various antitumor
[4,5]
treatments . However, a disadvantage of GED-MRI
is that it needs remarkably long time for scanning, in
which the hepatobiliary phase delay time (HBP-DT) is
[6,7]
usually set at 15 to 20 min or longer . For the purpose
of applying GED-MRI more efficiently and rationally
in complex clinical background, it is very necessary to
optimize the HBP-DT in different groups of patients,
especially in those with liver-occupying lesions under
[8,9]
various stages of cirrhosis . A study reported that an
HBP-DT of 10 min after Gd-EOB-DTPA injection was
sufficient for hepatic lesion characterization in patients
[10]
with normal liver function and without cirrhosis .
However, whether an HBP-DT of 10 min is suitable
for patients with liver dysfunction that correlates with
cirrhosis is unknown. Another study concluded that an
HBP-DT of 15 min was sufficient for patients with mild
liver dysfunction classified as grade A of Child-Pugh
score (CP-A); on the other hand, an HBP-DT longer
than 5 min was meaningless for lesion characterization
in patients with moderate or severe liver dysfunction
[11]
classified as CP-B or CP-C . Clinically, these conclusions
are worthy of further investigation and discussion. In the
current study, we attempted to identify more efficient
and practical HBP-DT of GED-MRI for detection of HCC in
the context of different grades of cirrhosis.

CONCLUSION
The severity of liver cirrhosis has significant negative
influence on the HCC visualization by GED-MRI. DT-10
is more efficient and practical than other HBP-DT points
to identify most of HCC foci emerging in CP-A cirrhosis,
as well as in CP-B cirrhosis; but an HBP-DT of 15 min
or longer seems more appropriate than DT-10 for
visualization of HCC in patients with CP-C cirrhosis.
Key words: Magnetic resonance imaging; Gd-EOBDTPA; Hepatobiliary phase; Delay time; Hepatocellular
carcinoma; Cirrhosis; Optimization
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In order to optimize the hepatobiliary phase
delay time (HBP-DT) of Gd-EOB-DTPA-enhanced magnetic
resonance imaging for more efficient identification of
hepatocellular carcinoma (HCC) in cirrhosis of different
degrees of severity, we analyzed the signal intensity
and ratios between liver parenchyma and HCC, and
the percentages of HCC visibility at a series of HBP-DT
points in those patients. The severity of cirrhosis was
shown to negatively influence HCC visibility, but DT-10
is already enough and more efficient than longer DT to
identify HCC in Child-Pugh (CP)-A and CP-B cirrhosis.
DT-15 or longer DT seems more appropriate for HCC
visibility in patients with CP-C cirrhosis.

MATERIALS AND METHODS
Patients

Totally, 73 patients (49 males and 24 females) with
a median age of 47 years (range, 23-65 years) who
suffered from cirrhosis caused by chronic hepatitis B
(CHB) were included in this study. The numbers of
patients classified as CP-A, B, and C were 43, 25, and
5, respectively. Eighteen healthy adults were selected
as controls, with a male-to-female ratio of 1:1 and a
median age was 43 years (range, 23-62 years).
Forty-two of the 73 patients with CHB-related
cirrhosis were identified as having HCC, of whom 36
were diagnosed by histopathologic examination using
samples from hepatectomy (n = 26), liver trans
plantation (n = 4), or liver biopsy (n = 6). The rest
six patients with HCC were diagnosed clinically by
the long history of CHB, typical imaging, and a high
level of serum alpha-fetoprotein. In the 36 patients
with histopathologic examination, moderately to lowly
differentiated HCC was confirmed in 34 patients,

Wu JW, Yu YC, Qu XL, Zhang Y, Gao H. Optimization of
hepatobiliary phase delay time of Gd-EOB-DTPA-enhanced
magnetic resonance imaging for identification of hepatocellular
carcinoma in patients with cirrhosis of different degrees of
severity. World J Gastroenterol 2018; 24(3): 415-423 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v24/i3/415.
htm DOI: http://dx.doi.org/10.3748/wjg.v24.i3.415

INTRODUCTION
Gadolinium-ethoxybenzyl-diethylenetriamine penta
acetic acid (Gd-EOB-DTPA, Primovist; Bayer Schering
Pharma, Berlin, Germany) is a modern contrast medium
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moderately differentiated HCC was found in one patient,
and the degree of differentiation could not be distin
guished in the last patient.
Totally, 47 HCC foci were found in the 42 patients
with HCC, and there were 32, 12, and 3 HCC foci in
patients with CP-A (n = 27), CP-B (n = 12), and CP-C
(n = 3) disease, respectively. The median diameter of
these HCC foci was 2.1 cm (range, 0.5-4.4 cm).

away from the vessels, bile ducts, and lesions to avoid
the disturbance on signal intensity. The mean value
with a standard deviation (mean ± SD) of LPSI was
calculated and compared.

Calculation of signal ratios of LP to HCC foci

The signal intensity of each HCC focus and correspon
ding adjacent LP at any HBP-DT point was measured,
and the signal ratios of LP to each HCC focus at all HBPDT points were calculated as follows: signal ratio =
(mean signal intensity of LP)/(signal intensity of HCC
focus).

Exclusion criteria

According to the features and mechanism of GED-MRI,
patients who had the following status were excluded
from this study: (1) the diameter of one HCC focus,
or the sum of diameters of all HCC foci was more than
5 cm; (2) there was cancer embolus or thrombus in
the portal vein or its main branch; (3) existence of
obstructive jaundice; (4) allergy to Gd-EOB-DTPA;
(5) acute/subacute-on-chronic liver failure and severe
impairment of renal function; and (6) those who could
not cooperate well with the MRI operators during GEDMRI.

Assessment of HCC visualization in patients with
different CP scores

The strength of HCC visualization at each HBP-DT
point was assessed by naked eyes, and compared
among patients with different grades of CP score. The
HCC visualization was subjectively divided into three
degrees: obvious hypointensity (+++), moderate
hypointensity (++), and hypointensity or isointensity
(+/-). All the interpretation of HCC visualization and
data processing were done by two senior doctors
separately. If there was any disagreement between
the two doctors, the data would be presented to a
third senior doctor and discussed by the three doctors
together to reach a final diagnosis.

Procedure of GED-MRI

After fasting for at least 6 hours and learning how to
breathe and breath-hold correctly in accordance with
the order of MRI operator, all subjects underwent MRI
of the upper abdomen using a 3.0-T scanner (HDxt;
GE Medical Systems) with an 8-channel phased array
coil. Parallel imaging using the Array Spatial Sensitivity
Encoding Technique (ASSET) were done at first,
followed by the axial breath-holding three-dimensional
fast spoiled gradient-echo (3D FSPGR) T1 weighted
imaging, FSE-XL fat-suppression respiratory-triggered
T2 weighted imaging, SE/EPI diffuse weighted imaging,
and magnetic resonance cholangiopancreatography.
For contrast-enhanced MRI, Gd-EOB-DTPA was
injected as a bolus at 0.025 mmol/kg at a rate of 1.0
mL/s, followed by the same volume of physiological
saline flush at a rate of 2.0 mL/s. The dynamic and
delayed imaging in the HBP at 5, 10, 15, 20, and 25
min (i.e., at DT-5, DT-10, DT-15, DT-20 and DT-25)
was sequentially executed after injection of Gd-EOBDTPA using an axial fat-suppressed liver acceleration
volume acquisition (LAVA) sequence (repetition time
= 2.8 ms; echo time = 1.2-1.3 ms; ﬂip angle = 11°;
frequency bandwidth of 83.33; ﬁeld of view = 400-480
mm; acquisition matrix = 224 × 224; ASSET3.00PH;
slice thickness = 2.6 mm; phase ﬁeld of view = 1.0;
acquisition time = 12-16 s).

Statistical analysis

The statistical software SPSS19.0 was used to process
the data in this study. Repeated measures twoway analysis of variance (TW-ANOVA) was used to
compare the mean LPSI between healthy controls
and the cirrhotic group, and the mean LP/HCC signal
ratios between subgroups with CP-A cirrhosis and
CP-B/C cirrhosis. Repeated measures one-way ANOVA
(OW-ANOVA) was used to compare the mean LP/HCC
signal ratios at each HBP-DT point in patients suffering
from cirrhosis overlapped with HCC, and Huynh-Feldt
correction was adopted when the data did not satisfy
spherical symmetry. P < 0.05 was regarded as having
statistical significance.

RESULTS
Trends of LPSI varying with HBP-DT in healthy controls
and patients with cirrhosis

Repeated measures TW-ANOVA and Huynh-Feldt
correction showed that the LPSI increased timedependently in each group included in this study (F =
77.109, P < 0.001; Figure 1). There was a significant
difference for the ascending trends of LPSI among
different groups (F = 17.361, P < 0.001). The strongest
LPSI with a markedly ascending trend was seen in
healthy controls. Moderate LPSI with a slowly ascending
trend was seen in the CP-A subgroup. Mild LPSI without
a significantly ascending trend was seen in the CP-B/C
subgroup (F = 47.685, P < 0.001).

Measurement of liver parenchyma signal intensity

The liver parenchyma signal intensity (LPSI) of the
regions of interest from the centers of the left external
lobe, left internal lobe, right anterior lobe, and right
rear lobe at the level of the porta hepatis, with each
2
area being about 100 mm , was measured on LAVA
images at DT-5, DT-10, DT-15, DT-20, and DT-25 after
Gd-EOB-DTPA injection. The regions of interest were
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usually appeared as mild hypointensity or isointensity,
and thus were difficult for naked eyes to identify.
The visualization rates of HCC foci at DT-10, DT-15,
DT-20, and DT-25 kept invariable in the same subgroup
(Table 1). On the other hand, there was a significant
difference between the CP-A subgroup and CP-B/C
subgroup for the constituent ratios of HCC visualization
at any corresponding HBP-DT point (Table 1). The
constituent ratios of obvious hypointensity (+++) and
moderate hypointensity (++) were 90.6% and 9.4%
in the CP-A subgroup (Figure 3), 50.0% and 50.0% in
the CP-B subgroup (Figure 4), respectively, and there
were no HCC foci with mild hypointensity or isointensity
(+/-) in both of the two subgroups. It was worth noting
that two HCC foci from two patients with CP-C cirrhosis
showed only a little increase of visualization with the
extension of HBP-DT (Figure 5), and another HCC focus
from another patient with CP-C cirrhosis kept the status
of isointensity at any HBP-DT point.

Healthy controls
CP-A
CP-B/C

1000.00

Estimated marginal means

900.00

800.00

700.00

600.00

500.00
5

10

15

20

25

Delay time (min)

Figure 1 Liver parenchyma signal intensity varying with the hepatobiliary
phase delay time of Gd-EOB-DTPA-enhanced magnetic resonance imaging
in cirrhotic groups and healthy controls.
CP-A
CP-B/C
2.20

DISCUSSION

Estimated marginal means

2.10

Gd-EOB-DTPA is a kind of hepatocyte-specific cont
rast medium for enhanced MRI, which combines the
advantages of both routine MRI contrast media and
hepatocyte-specific contrast media. Compared to
routine contrast-enhanced CT or MRI scan, GED-MRI
could provide not only more accurate diagnosis and
[12-16]
differential diagnosis for space-occupying lesions
,
[17,18]
early HCC, and hyperplastic nodules of the liver
,
but also more accurate assessment of liver function in
[19,20]
clinic
.
The key mechanism for Gd-EOB-DTPA to identify
HCC is to create a detectable signal contrast between
LP and HCC foci in the HBP. After injection, nearly 50%
of Gd-EOB-DTPA are taken by hepatocytes through
organic anion transporting polypeptide (OATP) 1B1
and 1B3, which are expressed on the hepatocellular
membrane, thus contributing to the increase of LPSI.
HCC loci usually appear to be hypointense because
such lesions could not take or only absorbed a little
Gd-EOB-DTP, and thus could be identified by naked
[21-23]
eyes
.
Gd-EOB-DTPA started to be taken by hepatocytes
from one and a half minutes after injection, and moun
[6]
ted the peak at about 20 min after injection . Some
researchers reported that the signal contrast between
the liver and spleen reached the peak at a delay time
of 60 min, and concluded that it would decrease the
contrast of signals between the liver and spleen if the
GED-MRI pictures were collected before DT-20 of the
[7]
HBP . However, an important problem is that many
patients will feel discomfort if the delay time lasts too
long, which makes them difficult to cooperate with
operators, and then interferes with the procedure of
GED-MRI and decreases its accuracy of diagnosis.
Accordingly, it is necessary to optimize, especially
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Figure 2 Liver parenchyma/ hepatocellular carcinoma signal ratios varying
with the hepatobiliary phase delay time of Gd-EOB-DTPA-enhanced magnetic
resonance imaging between Child-Pugh (CP)-A and CP-B/C subgroups.

Correlations between LP/HCC signal ratios and grades
of CP score

In the group of HCC coexistent with cirrhosis, there
were 32 and 15 HCC foci in the CP-A subgroup and
CP-B/C subgroup, respectively. Repeated measures
TW-ANOVA and Huynh-Feldt correction showed that
the LP/HCC signal ratios increased with HBP-DT in both
of the two subgroups (F = 8.201, P < 0.006; Figure
2), with higher signal ratios in the CP-A subgroup (F
= 9.761, P < 0.001). After DT-10, the curve of signal
ratios escalated more slowly in the CP-B/C subgroup
than in the CP-A subgroup.

Comparison of visualization rates of HCC foci at series
of HBP-DT points

The MRI images obtained at DT-5 were not assessed
for visualization, because much Gd-EOB-DTPA had
detained in hepatic vessels and extracellular space at
this moment. Accordingly, some of the HCC foci at DT-5
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Table 1 Rates of hepatocellular carcinoma visualization varying with hepatobiliary phase delay time in patients with cirrhosis of
different Child-Pugh scores n (%)
Grade of CP score Sum of HCC foci
A

32

B

12

C

3

Signal intensity
+++
++
+/+++
++
+/+++
++
+/-

HBP-DT
5 min

10 min

15 min

20 min

25 min

0
24 (75)
8 (25)
0
7 (58.3)
5 (41.7)
0
0
3 (100.0)

29 (90.6)
3 (9.4)
0
6 (50.0)
6 (50.0)
0
0
0
3 (100.0)

29 (90.6)
3(9.4)
0
6 (50.0)
6 (50.0)
0
0
0
3 (100.0)

29 (90.6)
3 (9.4)
0
6 (50.0)
6 (50.0)
0
0
0
3 (100.0)

29 (90.6)
3 (9.4)
0
6 (50.0)
6 (50.0)
0
0
0
3 (100.0)

+++: Obvious hypointensity; ++: Moderate hypointensity; +/–: Mild hypointensity or isointensity. CP: Child-Pugh score; HBP-DT: The delay time of the
hepatobiliary phase; HCC: Hepatocellular carcinoma.

10 min

15 min

25 min

Figure 3 Visibility of a hepatocellular carcinoma focus at different hepatobiliary phase delay time points in a patient with Child-Pugh A cirrhosis. An HCC
focus of 0.8 cm × 0.8 cm was found in the right rear lobe of the liver in a 53-year-old female patient with cirrhosis caused by chronic hepatitis B. Gd-EOB-DTPAenhanced magnetic resonance imaging shows a strong contrast between liver parenchyma and HCC focus presenting as obvious hypointensity (+++). The contrast at
DT-10 is enough to identify the HCC focus. HCC: Hepatocellular carcinoma.

shorten the scanning time of GED-MRI to a rational
extent.
The severity of cirrhosis and liver function impair
ment could significantly influence the uptake of Gd[24]
EOB-DTPA by LP. Tamada et al
reported that the
LPSI increased significantly during 10 to 20 min of
HBP-DT in healthy controls and patients with CP-A or
CP-B cirrhosis, but had no significant increase after the
portal venous phase. Our investigation showed that
the LPSI increased with the time from DT-5 to DT-25
after injection of Gd-EOB-DTPA in healthy controls, but
increased relatively slowly in patients with cirrhosis,
especially in patients with CP-B/C cirrhosis. This finding
suggested that the ability to uptake Gd-EOB-DTPA
decreased in liver with cirrhosis, which would lead to
a decrease of signal contrast between LP and HCC foci
and thus impair the visualization by naked eyes and
detection rate of HCC foci.
Most experts believe that 20-30 min of HBPDT was the best choice for the identification of liveroccupying lesions, but some experts reported that 15
min of HBP-DT was enough to find HCC foci, in spite
of less enhancement of LP in CP-C patients than in
[17]
CP-B or CP-A patients . In contrast, our research
showed that DT-10 was indeed enough to guarantee
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the identification of all HCC foci in 27 patients with
CP-A cirrhosis. Although the LP/HCC signal ratios were
relatively low in 12 patients with CP-B cirrhosis, all HCC
foci were also clearly displayed at DT-10, DT-15, DT-20,
and DT-25. These findings showed that DT-10 in GEDMRI could not only sufficiently ensure the identification
of HCC foci in patients with CP-A and CP-B cirrhosis, but
also markedly shorten the duration of MRI scanning.
Although the contrast of signal intensity between LP
and HCC foci increased after DT-15, it really had no
significant influence on the detection rate of HCC foci.
Accordingly, 15 min or longer HBP-DT was not only
unnecessary in clinic in patients with CP-A or CP-B
cirrhosis, but also decreased the compliance of patients
and efficiency of diagnosis during GED-MRI.
The signal contrast was not satisfactory between
LP and HCC foci at DT-5, because there was much GdEOB-DTPA detained in hepatic vessels, extracellular
space, and HCC foci at this time point. Accordingly,
although more than half of HCC foci could be visualized
at DT-5, we did not recommend images obtained at
this time point as the evidence to exclude the diagnosis
of HCC.
On the other hand, the signal contrast between LP
and HCC foci improved very slowly with time in two
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10 min

15 min

25 min

Figure 4 Visibility of a hepatocellular carcinoma focus at different hepatobiliary phase delay time points in a patient with Child-Pugh B cirrhosis. An HCC
focus of 3.6 cm × 3.3 cm was found in the right lobe of the liver in a 58-year-old male patient who was diagnosed with chronic hepatitis B-related cirrhosis. Gd-EOBDTPA-enhanced magnetic resonance imaging shows a moderate contrast between liver parenchyma and HCC focus presenting as moderate hypointensity (++). The
contrast at DT-10 is enough to identify the HCC focus. HCC: Hepatocellular carcinoma.

10 min

15 min

25 min

Figure 5 Visibility of a hepatocellular carcinoma focus at different hepatobiliary phase delay time points in a patient with Child-Pugh C cirrhosis. An HCC
focus of 1.5 cm × 1.7 cm was found in the right lobe of the liver in a 38-year-old male patient who was diagnosed with chronic hepatitis B-related cirrhosis. Gd-EOBDTPA-enhanced magnetic resonance imaging shows a weak contrast between liver parenchyma and HCC focus presenting as mild hypointensity (+/–). It seems that
a longer DT (such as DT-15, DT-20, or DT-25) could slightly improve the visualization of HCC focus. HCC: Hepatocellular carcinoma.

patients with CP-C cirrhosis (See Figure 5), and the
signal intensity of HCC focus was nearly equal to that
of LP in another patient with CP-C cirrhosis, which
made the HCC focus very difficult to be visualized.
The poor enhancement of LP at any HBP-DT point
in the three patients contributed to the poor signal
contrast between LP and HCC foci. These results
showed that GED-MRI had no significant advantages
over other strategies to identify HCC in patients with
CP-C cirrhosis. This conclusion is in accordance with
[24-26]
the published findings
. How to optimize the MRI
procedure and improve the visualization of HCC foci
in patients with CP-C cirrhosis is an important issue
awaiting further investigation.
It should be pointed out that many researchers
reported that some HCC cells had the ability to take
[27-31]
Gd-EOB-DTPA
, but this ability was very poor
compared with normal hepatocytes. The ability of HCC
foci to take Gd-EOB-DTPA was associated with several
factors, including the differentiation degree of HCC
[31]
and genetic polymorphisms of OATP1B1 , OATP1B3
[27-30]
(OATP8)
, other OATPs, and hepatocyte nuclear
[27]
factor 4A (HNF-4A) . A few well-differentiated HCCs
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could take a bit of Gd-EOB-DTPA, and a very few
poorly differentiated HCCs could express OATP1B3
which endowed HCC cells with the ability to take some
[29,30]
[27]
Gd-EOB-DTPA
. Yamashita et al
reported that
nearly 15% of HCC foci could take Gd-EOB-DTPA in
HBP, which was the result of increased expression of
[28]
OATP1B3 and HNF-4A. Narita et al believed that the
expression of OATP1B3 was the determinant factor for
the uptake of Gd-EOB-DTPA by some HCC foci. Other
investigators also reported that the signal intensity and
visualization of some HCC foci might be interfered by
[29,30]
the ability of HCC cells to take Gd-EOB-DTPA
and
[31]
the genetic polymorphism of OATP1B1 . In a recent
[32]
retrospective study, Miura et al
reported that 14
patients had high HCC with the LP/HCC signal ratios
≤ 1.0. Clinicopathological analysis revealed low-grade
malignancy in high HCC compared with low HCC, and
the expression of OATP1B3 was a key mechanism for
the hyperintensity in the HBP of GED-MRI. But in our
study, we did not find the high HCC lesions except one
isointense HCC lesion in a patient with CP-C cirrhosis.
It should be noted that borderline lesions of HCC might
also show hypo-, iso-, or hyperintensity in the HBP of
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assessment of correlations among liver LPSI, liver parenchyma (LP)/HCC
signal ratios, and percentage of visibility of HCC lesions at a series of HBPDT points in the background of liver cirrhosis with different CP scores, it was
demonstrated that the HBP-DT of GED-MRI surely could be optimized in the
context of liver cirrhosis with different CP scores. Based on those findings and
the existence of heterogeneity in the liver function tests, severity of fibrosis,
polymorphism of organic anion transporting polypeptide (OATP), and other
potential factors that may interfere with the visibility of HCC, a big-sample
multicenter prospective study is needed in the future.

GED-MRI, but the hypointense borderline lesions had
[33]
the highest risk to progress into typical HCC .
In summary, our research demonstrated that LPSI
in the HBP of GED-MRI was lower in patients with
cirrhosis than in healthy controls, but had no significant
influence on the visualization rate of HCC foci in patients
with CP-A or CP-B cirrhosis. In most of the patients
with CP-A or CP-B cirrhosis, DT-10 already satisfied
the detection of HCC, and it was not very necessary
to prolong the HBP-DT up to 15-25 min. In patients
with CP-C cirrhosis, GED-MRI usually had no obvious
advantage in detecting HCC; but in some of those
cases, a longer HBP-DT of 15-25 min might improve the
visualization to a certain extent. Based on the abovementioned findings and in order to balance the accuracy
of diagnosis, efficiency of MRI process, and compliance
of the patients, it is advisable to individualize HBP-DT
according to the status of liver function for the detection
of HCC in patients with cirrhosis. In view of the evidence
that HCC foci could take a certain proportion of Gd-EOBDTPA in some patients, it is very necessary in the future
to design larger studies including more cases to analyze
the correlation between uptake of Gd-EOB-DTPA and
genetic polymorphism or/and expression status of
OATP, in order to further clarify the appropriate patients
who should receive the examination of GED-MRI and
optimize the HBP-DT individually.

Research methods

This study is a retrospective analysis about how to improve the application of
GED-MRI to diagnose HCC occurring in the background of different degrees
of cirrhosis. Forty-two patients with HCC from 73 patients with CHB-related
cirrhosis were included in this study according to the criteria of inclusion and
exclusion. The history and CP scores of CHB-related cirrhosis, the features of
LPSI, LP/HCC signal ratios, visibility, and its percentages of HCC lesions at a
series of HBP-DT points were systematically collected and compared. The twoway analysis of variance (TW-ANOVA), repeated measures one-way ANOVA
(OW-ANOVA), and Huynh-Feldt correction were used to do the statistical
analyses of the data. These research methods were the routine ways adopted
widely in the clinical investigation.

Research results

The main findings in this study are as follows. First, the LPSI was found
to increase time-dependently both in healthy controls and in patients with
HCC overlapped on cirrhosis. Second, the LP/HCC signal ratios had a
significant difference among various HBP-DT points, as well as between
the CP-A and CP-B/C subgroups. Third, the constituent ratios of HCC foci
identified as obvious hypointensity (+++), moderate hypointensity (++), and
mild hypointensity/isointensity (+/-) kept stable from DT-10 to DT-25 in each
subgroups, but had a difference among subgroups with cirrhosis of CP-A, CP-B,
or CP-C. To our knowledge, this is the first time to report that HCC visibility at
DT-10 is equal to that at DT-15 or longer DT; that is, compared to longer DT,
DT-10 had the same diagnostic accuracy, but showed more efficient diagnosis
of HCC existing in the background of both CP-A cirrhosis and CP-B cirrhosis.
The problems that remain to be solved in the future include: (1) whether DT-10
will still keep the same high efficiency and accuracy for identification of HCC
overlapped on CP-A and CP-B cirrhosis when this concept is applied to more
patients; (2) whether and what kind of OATP polymorphism will interfere with the
diagnostic efficacy of GED-MRI when used for identification of HCC in Chinese
patients; and (3) how to improve the detection of HCC lesions presenting as
mild hypointensity or even isointensity in patients with CP-C cirrhosis.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Gd-EOB-DTPA-enhanced magnetic resonance imaging (GED-MRI) has
significant advantages in finding smaller HCC lesions. However, it is believed
that GED-MRI may need remarkably long time for scanning, in which the
hepatobiliary phase delay time (HBP-DT) is usually set at 15 to 20 min or
longer, and many patients could not cooperate well with the operators during
the long process of scanning. Recently, a study reported that DT-10 was
sufficient for hepatic lesion characterization in patients with normal liver function
and without cirrhosis, and another study concluded that DT-15 was sufficient for
patients with mild liver dysfunction classified as cirrhosis of Child-Pugh A (CP-A).
However, which HBP-DT is both more efficient and more practical for patients
with liver dysfunction that correlates with different degrees of severity of
cirrhosis is unknown. Accordingly, we attempted to gather new clinical evidence
to optimize the HBP-DT of GED-MRI for detection of HCC in the context of
different grades of cirrhosis.

Research conclusions

The conclusions from this study are summarized as follows. First, the severity
of liver cirrhosis has significant negative influence on the HCC visualization
by GED-MRI. Second, DT-10 is more efficient and practical than other HBPDT points to identify most of HCC foci emerging in CP-A cirrhosis, as well as
in CP-B cirrhosis. This is the most important new finding of this study. Third,
an HBP-DT of 15 min or longer seems more appropriate than DT-10 for
visualization of HCC in patients with CP-C cirrhosis. Based on the new findings
of this study, we proposed that DT-10 should be chosen as the most appropriate
HBP-DT point of GED-MRI for most of the patients with HCC overlapped on
CP-A and CP-B cirrhosis, but a longer DT should be used for patients with
CP-C patients.

Research motivation

The main topics and key problems of the study include: (1) whether and
how the severity of liver cirrhosis will influence the signal intensity of liver
parenchyma (LPSI) in the process of GED-MRI examination? (2) whether and
how the features of LPSI of liver cirrhosis will interfere with the visibility of HCC?
and (3) which HBP-DT will provide the more efficient examination without the
discount of diagnostic accuracy in the different context of liver cirrhosis? The
findings in the current study will provide first hand information for the answers of
above-mentioned questions, and thus contribute to the improvement of rational,
efficient, and individual application of GED-MRI.

Research perspectives

This study told clinicians that the status of liver cirrhosis should be assessed
carefully before GED-MRI examination in order to choose the most efficient
HBP-DT point without any discount of accuracy which is based on the visibility
of HCC lesions. It was shown in this study that DT-10 was the optimal HBP-DT
which could satisfy the requirement of HCC diagnosis in most of the patients
suffering from both CP-A/B liver cirrhosis and HCC, without the necessity of
longer HBP-DT. On the other hand, a longer HBP-DT ≥ 15 min might improve
the visibility of some HCCs overlapped on CP-C cirrhosis. These interesting

Research objectives

This study aimed to optimize the HBP-DT of GED-MRI for more efficient
identification of HCC occurring in different degrees of cirrhosis assessed by
CP score without any discount of diagnostic accuracy. Through the systematic
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findings need to be further confirmed in more patients in the future, and the
best method to attain this objective is well-designed multicenter big-sample
prospective study.
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AIM
To summarise the current literature and define patterns
of disease in migrant and racial groups.
METHODS
A structured key word search in Ovid Medline and
EMBASE was undertaken in accordance with PRISMA
guidelines. Studies on incidence, prevalence and disease
phenotype of migrants and races compared with indig
enous groups were eligible for inclusion.
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RESULTS
Thirty-three studies met the inclusion criteria. Individual
studies showed significant differences in incidence,
prevalence and disease phenotype between migrants or
race and indigenous groups. Pooled analysis could only
be undertaken for incidence studies on South Asians
where there was significant heterogeneity between the
studies [95% for ulcerative colitis (UC), 83% for Crohn’
s disease (CD)]. The difference between incidence
rates was not significant with a rate ratio South Asian:
Caucasian of 0.78 (95%CI: 0.22-2.78) for CD and
1.39 (95%CI: 0.84-2.32) for UC. South Asians showed
consistently higher incidence and more extensive UC
than the indigenous population in five countries. A
similar pattern was observed for Hispanics in the United
States. Bangladeshis and African Americans showed an
increased risk of CD with perianal disease.
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[7]

the risk of developing inflammatory bowel disease.
This may be due to different inherent responses upon
exposure to an environmental trigger in the adopted
country. Further prospective studies on homogenous
migrant populations are needed to validate these obser
vations, with a parallel arm for in-depth investigation of
putative drivers.

and significant migration to developed countries .
Disease presentation following migration offers a unique
opportunity to further examine how environmental
factors might influence disease expression in migrants.
Before undertaking further studies on migrant popu
lations, we sought to summarise the current literature
on IBD manifestation after migration to developed
countries. Well-recognised large migrant groups have
moved from Mexico to the United States and from India
[7]
to the United States, Europe and the Middle East . This
environmental change can increase the risk of certain
diseases. For example, the Indian migrant group has
been studied extensively for cardiovascular disease,
[8,9]
with associated significant increased risk . Migrant
communities are largely based on colonial and postcolonial history, cultural and economic ties. When
relating to diseases, the distinction between migrants,
[10]
ethnic group and race is unclear and yet important .
The designation of ‘migrants’ refers to people who
move to a new country as a first generation or second
generation when born there. Sometimes migrants
converge and live within a social community based on
historical and cultural ties (e.g., from India or Pakistan
to the United Kingdom). The word ‘ethnicity’ derives
from the Greek word ethnos, meaning a nation, people
or tribe. It represents a multifaceted concept, with
emphasis on shared origins or social background, shared
cultural traditions and common language. Not all ethnic
groups are migrants, instead the term reflects a social
[10]
categorisation rather than a biological one . In contrast
the term ‘race’, first described by Hippocrates over
2000 years ago, classifies man biologically, according to
physical characteristics such as face shape and colour.
As there may be an overlap between race, ethnicity and
migration, we aimed to study the epidemiology of IBD
in ethnic migrant and racial groups compared with the
indigenous population.

Key words: Epidemiology; Ethnicity; Migration
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We reviewed the literature on the epidemiology
of inflammatory bowel disease (IBD) in migrants and
racial groups. Thirty-three studies met the inclusion
criteria. Individual studies showed significant differences
in incidence, prevalence and disease phenotype
between migrants or race and indigenous groups. Only
the incidence studies were sufficient in number and
comparable for pooled analysis and meta-analysis.
There was a trend for higher incidence for ulcerative
colitis and lower incidence for crohn’s disease in South
Asian migrants. This review suggests that migration and
race influence the risk of developing IBD. This may be
due to different inherent responses upon exposure to
an environmental trigger in the adopted country.
Misra R, Faiz O, Munkholm P, Burisch J, Arebi N. Epidemiology
of inflammatory bowel disease in racial and ethnic migrant
groups. World J Gastroenterol 2018; 24(3): 424-437 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v24/i3/424.
htm DOI: http://dx.doi.org/10.3748/wjg.v24.i3.424

INTRODUCTION
Ulcerative colitis (UC) and crohn’s disease (CD) are
chronic inflammatory bowel conditions, collectively
known as inflammatory bowel disease (IBD), the
cause of which is unknown. An exaggerated immune
response to antigenic stimulation by the gut microbiota
on a background of genetic susceptibility is thought to
[1]
drive the inflammatory process .
Epidemiologic studies suggest an increasing inci
[2]
dence and prevalence of IBD in developed countries .
Although there are fewer epidemiological data from
developing countries, there appears to be a similar
[3,4]
trend, fuelling its emergence as a global disease .
Some studies reported on a change in migrants moving
from developing low incidence countries to developed
high incidence countries, whereby they exhibit the
[5,6]
incidence of the adopted country . This phenomenon
is worth exploring further for several reasons. Firstly, it
implies there may be an environmental trigger for the
disease as the onset is too rapid to be accounted for
by genetic changes. Secondly, the demographics over
the last 50 years have changed due to globalisation

WJG|www.wjgnet.com

MATERIALS AND METHODS
This review was registered on the PROSPERO data
base, with registration number CRD42014013975.
A structured search of English language articles in
th
the Medline Ovid database from 1946 to October 4 ,
2016 was conducted. The Cochrane database was
reviewed. The search strategy used the following
MeSH headings and key words alone or in combination:
inflammatory bowel diseases, Crohn’s, ulcerative
colitis, epidemiology, incidence, prevalence, diagnosis,
migration, race, ethnicity statistics and numerical data
(Appendix 1). The reference list of identified studies
and reviews were hand-searched and relevant articles
included. The search strategy and data extraction was
performed by two authors (Misra R and Arebi N). Only
published full-text articles were included.

Study inclusion

(1) Hospital- and population-based studies comparing
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incidence and prevalence of UC and/or CD between
migrant and indigenous populations; and (2) Studies
comparing disease phenotype and disease behaviour
by recognised classification between migrant and
indigenous populations.

(Lennard-Jones and Copenhagen criteria). The method
of migrant reporting and sample frame was also
examined.

Data extraction

The PRISMA flow chart is shown in Figure 1. A total
of 1181 abstracts were screened. Fifty-two full-text
articles were retrieved, and 32 met the inclusion criteria
in comparing incidence and prevalence of IBD and
disease phenotype and behaviour between migrant and
indigenous populations. Only 10 studies were suitable
for the meta-analysis.

RESULTS

For each study, data was collected on study design and
location; sampling frame; sample size and ethnic group
by two authors (Misra R and Arebi N) (Appendices 2 and
3) For incidence studies, the incidence was measured as
cases/100000 years. Prevalence was captured as cases
per 100000. Phenotype was described using Montreal
classification, with E1 to E3 for UC and by age (A1, A2),
location (L1, L2, L3, L4) and behaviour (B1, B2, B3, -p)
for CD. The proportion of patients with each disease
phenotype was expressed as percentage for each
group.

Description of incidence and prevalence studies

There were 13 studies identified: 9 measured incide
[5,6,11-17]
[18-21]
nce
and 4 reported on prevalence
(Tables 1
[12,13,18,20]
and 2). Four studies examined both UC and CD
Eleven of twelve studies were retrospective, and only
[15]
one was prospective . Ten were conducted in single
centres, with only two multicentre studies. Seven studies
[5,6,11,14,15,17,18]
were carried out in the United Kingdom
,
[12,13,19,20]
four in North America
and the others in Fiji and
[16,21]
Singapore
. The prevalence of IBD in the United
[18]
Kingdom was only reported in one study .

Terminology

The main groups in the studies were described as
South Asian (SA), Asian, Hispanic, African-American
and Caucasian. SA was defined by persons with
a background from the Indian subcontinent: India,
Pakistan, Bangladesh and Sri Lanka. Asians were
defined by the continent of Asia, encompassing South
East Asia and China as well as SA. The term ‘migrant’
in this review encompassed recently migrated com
munities, ethnic groups or race. ‘Ethnic groups’ refers
to migrants living as communities (e.g., SA in the
United Kingdom, as statistic registration is recorded
as an ethnic group). ‘Race’ refers to migrants settled
as mass communities, where over generations they
have assimilated with the background communities
(Hispanics, African-Americans).

Study quality characteristics

Quality characteristics of the studies are shown in Tables
1, 2 and 3. One study looked at CD and UC incidence,
and two studies looked at CD and UC prevalence.
Six of thirteen studies used recognised diagnostic
[5,6,12,15,17,21]
criteria
. Migrant status was self-reported in
[11,15,18,20,21]
five studies
and taken from medical records
[6,12-14,16,19]
in six studies
. Two studies relied on patient
[5,17]
surname to identify migrant origin
. The sample
[5,13,15,17,18,20]
frame was population-based in six
and
[6,11,12,14,16,19,21]
hospital-based in seven studies
.

Statistical analysis

The analysis was restricted to studies comparing the
incidence between migrants and Caucasian groups.
The incidence of CD and UC were described as rates,
and pooled as a rate ratio to compare the incidence
between two groups.
2
The χ test for heterogeneity was used to de
termine whether results from different studies varied
significantly. Heterogeneity was quantified using the
2
I statistic, to express the percentage of the variability
in effect estimates attributed to heterogeneity. The
p-value from the test of heterogeneity is given, with
2
the I value.
As there was significant heterogeneity between the
2
studies, and the I statistic was high for both CD and
UC, random effects models were used to assess the
size of the difference between population groups.

Incidence of CD

Most studies reporting the incidence of CD (3/5) were
from the United Kingdom (Table 1), with a predominant
[6,11,17]
SA migrant group
. The remaining two studies
[12]
from Canada described the SA paediatric population ,
[13]
and one study compared non-immigrants to SA .
The incidence of CD in SAs was consistently lower than
[12]
Caucasian, except for one Canadian paediatric study .
The Benchimol study showed a lower incidence in
SA compared to other groups within the same envir
[13]
onment . The two United Kingdom studies where the
incidence was examined over two time periods showed
an increase in the incidence of CD in the SA population,
from 1.2 to 2.3/100000 in East London and 1.2 to
[6,17]
3.1/100000 in Leicester
. The last migrant United
Kingdom incidence studies were published in 1989.

Quality assessment

Incidence of uc

The quality of the incidence and prevalence studies
were assessed by whether the diagnostic criteria
were clearly defined or recognised criteria were used

WJG|www.wjgnet.com

There were six studies reporting the incidence of UC
(Table 1). The incidence was higher for SAs when
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Screening

Identification

Misra R et al . Ethnicity, race and epidemiology of IBD

Records identified through
database search (n = 1476)

Additional records identified
through other sources (n = 7)

Records after duplicates removed
(n = 1181)

Records screened
(n = 1181)

Records excluded
(n = 1129)

Eligibility

19 full-text articles excluded due to:
Full-text articles assessed
for eligibility (n = 52)

No comparative incidence or prevalence data between migrant and
indigenous groups of UC/Crohn’s (n = 10)
Comparison of IBD cases rather than UC or Crohn’s (n = 2)

Included

Studies included in qualitative
synthesis (n = 33)

No comparative phenotypic data (n = 1)
Review article (n = 4)

Studies included in
quantitative synthesis
(meta-analysis) (n = 10)

Case control studies (n = 2)

Figure 1 PRISMA flowchart. IBD: Inflammatory bowel disease; UC: Ulcerative colitis.

compared with Caucasians (three studies) and Mela
[5,12,15,16]
nesians in one study from Fiji
. In the only
prospective study, the incidence was significantly higher
and although this was a small study (74 cases) it was
[15]
also the most recent . This may indicate a rising
incidence. Two studies showed a lower UC incidence,
[14]
one in the Bangladeshi population in East London
[13]
and the other in Ontario, Canada .

(Table 4). All but one study reported a higher incidence
[9]
for UC in SA. In the outlier study , the population
was exclusively a Bangladeshi subgroup of the SA
population, unlike the other studies where the popu
lation was predominantly North Indian.

Prevalence of CD

Three studies reported on CD prevalence. Two were
from the United States, where the prevalence rate for
Asian, Black or Hispanic populations was lower than
[19,20]
for Caucasians
(Table 2). The remaining study
from the United Kingdom showed a lower prevalence
[18]
in Caucasians than SA compared to Caucasians . This
is consistent with the reportedly lower SA CD incidence
from the same population in Leicester at approximately
[17]
the same time period (Table 1).

Meta-analysis of cd incidence studies

We performed a meta-analysis on studies comparing
SA migrant and Caucasian groups, which consisted
of four studies. Two studies looked at incidence over
2 separate decades. Each decade was counted as a
separate study and the analysis was undertaken as six
[5,6]
[13]
studies . The Benchimol study was excluded as the
comparator group and was classified as non-immigrant
rather than a specifically named ethnic/migrant group.
The overall rate ratio for CD (0.78, 95%CI: 0.22-2.78)
showed a trend towards a lower incidence in the
adult SA group in comparison to the Caucasian group
(Table 4). The individual studies all showed lower
incidence rates, except for one study in a paediatric
population which showed a higher incidence in the SA
[12]
population .

Prevalence of UC

There were four studies reporting on UC prevalence,
with diverging results (Table 4). The only United
Kingdom study showed a higher prevalence for UC in
[18]
SAs compared with the local population . A separate
study from Singapore reported a higher prevalence
[21]
in SAs than Chinese and Malay groups . In contrast
in the United States, the UC prevalence was lower
for Asians, Hispanics and Blacks compared with the
[20]
Caucasian group .

Meta-analysis of UC incidence studies

Analysis of the four studies for UC showed an overall
rate ratio of 1.39 (95%CI: 0.84-2.32), indicating a
trend towards a higher rate of UC in the SA population
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Description of disease phenotype studies

There were 20 studies examining disease phenotype
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Table 1 Incidence of Crohn’s disease and ulcerative colitis
Study characteristics and demographics
Study
Crohn's disease
Fellows (1985)[11]
Probert (1992)[6]
Jayanthi (1992)[17]
Pinsk (2007)[12]
Benchimol1 (2015)[13]
Ulcerative colitis
Probert (1992)[5]
Jayanthi (1992)[14]
Carr (1999)[15]
Pinsk (2007)[12]
Probert (1985)[16]
Benchimol1(2015)[13]

Study quality characteristics

Country (region)

Study period

United Kingdom
(Derby)
United Kingdom
(East London)
United Kingdom
(Leicester)
Canada (Vancouver)
Canada (Ontario)

1966-1985
1970-79
1980-89
1972-1980
1981-1989
1985-2005
1994-2010

United Kingdom
(Leicester)
United Kingdom
(East London)
United Kingdom
(Leicester)
Canada (Vancouver)
Fiji
Canada (Ontario)

Number
of cases

Incidence rate/100000 Diagnosis based on Ethnicity reporting Sample frame
method
SA
Caucasian recognised criteria
4.4

7.5

No

Self-reported

Hospital

45
54
80
104
397 (Paed)
12113

1.2
2.3
1.2
3.1
6.7
5.0

3.8
3.8
3.5
5.3
1.0
11.3

Yes

Medical records

Hospital

Yes

Surname

Population

Yes
No

Medical records
Medical records

Hospital
Population

1972-1989

1003

10.8

5.3

No

Surname

Population

1972-1989

112

1.8

6.2

No

Medical records

Hospital

1991-1994

74

17.2

9.1

Yes

Self-reported

Population

6.4
1.5
2.0

3.7
0.2
11.4

No
No
No

Medical records
Medical records
Medical records

Hospital
Hospital
Population

1985-2005
1985-1986
1994-2010

221

120 (Paed)
15
12713

1

SA compared to non-immigrant. Characteristics of studies comparing South Asian (SA) migrants and Caucasians.

Table 2 Prevalence of Crohn’s disease: Study characteristics and comparison between Caucasian and other migrant groups
Study characteristics
Study
Country (region)

Probert
(1993)[18]
Kurata
(1992)[19]
Wang
(2013)[20]

United Kingdom
(Leicester)
United States
(California)
United States
(National Database)

Study quality characteristics
Diagnosis based
Ethnicity
Sample
on recognised
reporting
frame
criteria
method
Hispanic

Study period

Number
of cases

Prevalence rate, cases/100000
SA

Asian

Caucasian

Black

1989

676

33.2

-

75.8

-

-

Yes

Self-reported

Population

1982-1988

169

-

5.6

43.6

29.8

4.1

No

Medical records

Hospital

1996-2007

204

-

45.0

154.0

68.0

15.0

No

Self-reported

Population

SA: South Asian.

Table 3 Prevalence of ulcerative colitis: Study characteristics and comparison between population groups
Study characteristics
Study
Country (region)

Study
period

Probert
United Kingdom
1989
(1993)[18]
(Leicester)
Wang
United States
1996-2007
(2013)[20] (National database)
Lee
(2000)[21]

Singapore
(Singapore)

1985-1996

Number
of cases

Study quality characteristics
Diagnosis based on Ethnicity reporting
recognised criteria
method

Prevalence rate, cases/100000

Sample
frame

SA

Asian

Caucasian

Black

Hispanic

888

136.0

-

90.8

-

-

Yes

Self-reported

Population

108

-

40.0

89.0

25

35

No

Self-reported

Population

Malay
7.0

Chinese
6.0

Black
-

Hispanic
-

Yes

Self-reported

Hospital

58

SA
16.2

SA: South Asian.

CD

in relation to migrants or race (Tables 5-9). Fourteen
[22-34]
studies were conducted in the United States
and
[15,35-37]
four in the United Kingdom
, with the remaining
[38,39]
two from Canada and Malaysia
. Sixteen studies
[24,31,35]
were single centre, three multicentre
and only one
[15]
was prospective . Majority of the studies reported on
both UC and CD, with 15 reporting on UC and 16 on CD.
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The phenotype was studied for location and behaviour.
Comparisons are presented for SA, African-Americans
or Hispanics and Caucasians depending on the country
where the studies were conducted.
SA group was compared with Caucasians in four
studies and all reported on both location and disease
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Table 4 Meta-analysis of incidence studies showing rate ratio of South Asians relative to Caucasians
Disease

Number of studies

Crohn’s disease
Ulcerative colitis

6
4

Heterogeneity

Effect size

I2

P value

RR (95%CI)

P value

95%
83%

< 0.001
0.001

0.78 (0.22, 2.78)
1.39 (0.84, 2.32)

0.7
0.2

Table 5 Crohn’s disease location and behaviour
Study

Country (Region)

Location
Walker (2011)[35]

United Kingdom (NW London)

Carroll (2016)[38]

Behaviour
Walker (2011)[35]

309

2010

141

United States (San Francisco)

1994-2009

57 (Paed)

Canada (British Columbia)

1997-2012

638 (Paed)

United Kingdom (NW London)

2008-2010

309

2010

141

1994-2009
1997-2012

57 (Paed)
638 (Paed)

Goodhand (2012)[36] United Kingdom (East London)

Li (2013)[22]
Carroll (2016)[38]

Number of cases Montreal classification

2008-2010

Goodhand (2012)[36] United Kingdom (East London)

Li (2013)[22]

Time period

United States (San Francisco)
Canada (British Columbia)

Population groups, %
SA

Caucasian

L1
L2
L3
L4
L1
L2
L3
L4
L1
L2
L3
L4
L1
L2
L3
L4a
L4b
L4ab

16.0
46.8
37.2
0.0
33.0
24.0
38.0
18.0
7.7
38.5
53.9
15.4
6.0
55.0
39.0
55.0
1.0
0.0

24.7
34.8
40.5
0.0
32.0
43.0
22.0
13.0
14.9
23.4
61.7
5.3
9.0
35.0
55.0
43.0
9.0
8.0

B1
B2
B3
Perianal
B1
B2
B3
Perianal
Perianal
B1
B2
B3
B2B3

72.3
22.0
4.3
20.2
63.0
15.0
20.0
16.0
46.2
61.0
13.0
6.0
21.0

58.1
60.0
14.0
21.4
55.0
11.0
15.0
3.0
12.8
73.0
16.0
3.0
9.0

South Asians compared with Caucasians. Total No. of cases reported was 1145. Significant difference in disease behaviour illustrated in bold.

behaviour (Table 5). Two were from the United King
[35,36]
[22]
dom
, one from the United States , and one from
[38]
Canada . Two studies (United Kingdom and Canada)
showed SA significantly more likely to have colonic
[35,38]
disease
. These two studies contained 947 cases of
the 1147 pooled population. The Canadian study also
[38]
showed that SA had less ileal involvement . There was
no other significant difference in disease location. For
behaviour, one United Kingdom study showed SA had
less stricturing (B2) and less non-penetrating disease
[35]
(B3), but this was not significant . In contrast, perianal
disease was significantly more common in SA compared
[22,36]
with Caucasians in two studies
. The Canadian
paediatric study, which included 638 cases, indicated a
more complicated disease behaviour for SA, where B2
and B3 disease was noted in 21% of SA compared with
[38]
9% of Caucasians .
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African-American and Caucasian groups were
compared for disease location in eight studies (Table
6), all from the United States, three of which were in
[25,26,29]
paediatric populations
. Disease behaviour in
eight studies is shown in Table 7. African-Americans
showed significantly less ileal disease (L1) in three
[23,24,40]
studies
from a population of 2241 cases (65%)
out of the total cohort of 3467 cases studied. AfricanAmericans showed more significantly more stricturing
[25]
(B2) and penetrating disease (B3) in one study
and
[24,31]
perianal disease in two studies
(Table 7).
Hispanic and Caucasians were compared for disease
location in only three studies (Table 6) and behaviour
in four studies (Table 7). Hispanics showed significantly
lower rates for ileal disease and higher rate of colonic
disease compared with Caucasians in one study po
[24]
pulation of 697 cases . Perianal presentation was
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Table 6 Crohn’s disease location
Study

Country (Region)

Time period Number of cases

Cross (2006)[23]

United States (Baltimore)

1997-2005

210

Sofia (2014)[40]

United States (Chicago)

2008-2013

1334

Nguyen
(2006)[24]

United States (National)

2003-2005

697

Eidelwein
(2007)[25]

United States (Baltimore)

1991-2000

137 (Paed)

United States (Texas)

2004-2009

246 (Paed)

Ghazi (2013)[27] United States (Baltimore)

2004-2009

296

Damas (2013)[28]

United States (Florida)

1998- 2009

325

United States (National)

2000-2001

222 (Paed)

Hatter (2012)[26]

Kugathasan
(2003)[29]

Disease location/
Behaviour, Montreal
L1
L2
L3
L1
L2
L1
L2
L3
L4
L1
L2
L3
L1
L2
L3
L1
L2
L3
L1
L2
L3
L4
L1
L2
L3
L4

Population groups, %
AA

Caucasian (or other control)

Hispanic

13.0
29.0
56.0
57.8
60.6
16.1
33.9
22.6
27.4
3.0
73.5
23.5
4.3
7.1
87.8
31.0
12.0
55.0
10.0
34.0
46.0
32.0

38.0
23.0
36.0
71.0
66.0
29.2
17.4
36.7
16.7
2.9
71.8
25.2
4.7
4.8
88.9
38.0
20.0
42.0
16 (NHW)
24.0
60.0
12.5
19.0
28.0
51.0
42.0

23.3
16.3
52.3
8.1
4.8
10.5
84.2
24.4
25.6
50.0
3.9
-

AA or Hispanics compared with Caucasians (3467 total cases). Bold font shows significant differences between AA and population group. Italic font
illustrates significant difference between Hispanic and Caucasian groups. AA: African-Americans; NHW: Non-Hispanic white.

[32]

significantly more frequent in Hispanics in only 2/4
studies but these studies represented 92% of the
[24,31]
studied cohorts (7376/7974)
. In another study of
325 cases, they were significantly less likely to have
[28]
upper gastrointestinal disease .

significantly less proctitis , with a fourth study demon
strating a significantly increased risk of pan-colitis and
[24]
higher colectomy rate (32.3% vs 15.8%, p < 0.01) .

UC

This review indicates a difference in disease incidence,
prevalence and phenotypes between migrants and nonmigrants in individual studies. This has two important
implications. Firstly, increased migration may alter
disease burden within a population and impact health
policy decisions. Secondly, deeper investigation of
migrant populations may provide insight into the role of
environmental change and diet in the aetiology of IBD.
We identified the main migrant populations with IBD
reported in the literatures as SA, African-Americans and
Hispanics. The SA population has a wide diaspora and
countries such as United Kingdom, Canada, Singapore,
Malaysia and Fiji report the presentation of IBD.
The SA group seems to be particularly susceptible
to developing UC, with a higher incidence than the
local population in the United Kingdom and Canada.
The incidence was only lower in two populations.
The first was in east London, which was restricted
to the Bangladeshi group and therefore may be a
reflection of a distinct ethnic group. The second was
in Ontario, Canada, which compared SA to the non-

DISCUSSION

The UC studies described disease extent. Results were
presented for SA, African-Americans or Hispanics
compared with Caucasian or indigenous adult and
paediatric populations (Tables 8 and 9). SA and Cau
casian (or Malay in one study) groups were compared in
[15,35-37]
six studies, including four in the United Kingdom
[39]
and one in Malaysia
and a further study in Canada
[38]
which was limited to a paediatric population (Table 8).
In all six studies there were more SA with pan-colonic
disease than Caucasians; this was a significant finding
[35,36,38,39]
in four studies
, which represented 898/1054
cases (85%) of the pooled population.
African-Americans were compared to Caucasians
in six studies, of which two were paediatric (Table 9).
Four studies described a higher proportion of African[25,26,32,33]
Americans having disease limited to the rectum
,
[33]
which was a significant finding in one study .
Hispanics were compared with Caucasians in four
studies. In the Hispanic group, two studies showed
[26,28]
no difference in disease location for UC
, another
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Table 7 Crohn’s disease behaviour
Study

Country (Region)

Time period

Number of
cases

Disease location/
Behaviour, Montreal

Nguyen (2006)[24]

United States (National)

2003-2005

697

Eidelwein (2007)[25]
Ghazi (2013)[27]

United States (Baltimore)
United States (Baltimore)

1991-2000
2004-2009

137 (Paed)
296

Sofia (2014)[40]
Damas (2013)[28]

United States (Chicago)
United States (Florida)

2008-2013
1998- 2009

1334
325

Kugathasan (2005)[29]

United States (National)

-

222 (Paed)

Malaty (2010)[30]

Houston (Texas)

2000-2006

273

Adler (2016)[31]

Multicentre (United States
and United Kingdom)

2006-2014

2034 (Paed)

B1
B2
B3
Perianal
B2 + B3
B1
B2
B3
Perianal
Perianal
B1
B2
B3
Perianal
Inflammatory
Stricturing
Fistulising
Perianal
Inflammatory
Stricturing
Fistulising
Perianal

Population groups, %
AA
53.2
27.9
19.0
40.0
29.1
18.0
42.0
40.0
36.0
25.7
58.0
20.0
22.0
23.0
64.0
16.0
17.0
26.0

Caucasian
48.0
21.4
30.6
28.7
11.11
33.0
36.0
31.0
25.0
24.7
81.5 (NHW)
0.0
18.5
27.0
64.0
18.0
18.0
36.0
63.0
17.0
16.0
20.0

Hispanic
45.3
23.6
31.1
52.5
78.9
1.1
20.0
23.0
58.0
13.0
32.0
24.0

AA or Hispanics compared with Caucasians (5318 cases). Italic font illustrates significant differences between hispanic and population group. Bold font
shows significant differences between AA and other population group. AA: African-Americans.

Table 8 Ulcerative colitis in Caucasian and South Asian migrant groups (1054 cases)
Study

Country (Region)

Adult
Carr (1999)[15]
Rashid (2008)[37]
Walker (2011)[35]

Study period Number of cases Disease extent, Montreal

United Kingdom (Leicester)

1991-1994

74

United Kingdom (Manchester)
United Kingdom (NW London)

2008
2008-2010

82
461

2010

89

Goodhand (2012)[36] United Kingdom (East London)
Hilmi (2009)[39]

Malaysia (Malaysia)

2004-2005

118

Paediatric
Carroll (2016)[38]

Canada (British Columbia)

1997-2012

230

Ethnic groups, %
SA

Caucasian (or other control)

E1 + E2
E3
E3
E1
E2
E3
E1
E3
E1 + 2
E3

63.7
36.3
41.0
9.9
27.1
63.0
2.0
60.0
39.6
60.4

68.3
31.7
26.0
26.1
31.4
42.0
31.0
33.0
56.7 (Malay)
43.4 (Malay)

E1
E2
E3
E4

3.0
9.0
12.0
77.0

5.0
19.0
18.0
58 (Non-South Asian)

Adult and paediatric studies on disease extent. Bold font shows significant differences between AA and population group (809/1054 cases). AA: AfricanAmerican; SA: South Asian.
[13]

immigrant population . The non-immigrant population
had a higher UC incidence rate (11.4/100000) than
the Caucasian group in the other Canadian study
(3.7/100000). A possible explanation is that immig
ration data was only available from 1985 onwards.
Immigrants who arrived to Canada before 1985 were
considered as non-immigrants. It is noteworthy that the
likelihood of UC increased the younger age of arrival of
the immigrant.
Whilst there were fewer studies on prevalence,
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both reported higher prevalence for SA as would be
[18,21]
expected for the higher incidence rate
. When
the data was pooled, the summary measures also
illustrated a trend towards a higher rate of UC in the
SA population compared to Caucasians (Table 4). The
outlier study consisted of a Bangladeshi ethnic group,
and excluding this study showed a consistently higher
incidence of UC in SA; but, we did not repeat the
meta-analysis on the three remaining studies as the
result would be questionable, due to bias and error.
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Table 9 Ulcerative colitis in AA and Hispanic groups (1787 cases)
Study

Country (Region)

Adult studies
Basu (2005)[32]

Time period

Number of cases

United States (Texas)

1999-2003

61

United States (National database)

2003-2005

396

United States (Baltimore)

1991-2000

40

United States (Ohio)

2000-2010

311

Sofia (2014)[40]

United States (Chicago)

2008-2013

541

Damas (2013)[28]

United States (Florida)

1999-2009

138

United States (Baltimore)

1997-2005

197

United States (Texas)

2004-2009

103

Nguyen (2006)[24]

Eidelwein (2007)[25]
Moore (2012)[33]

Paediatric
Flasar (2008)[34]

Hatter (2012)[26]

Disease extent

Ethnic groups, %
AA

Caucasian

Hispanic

E1
E2 + 3
E1
E2
E3
E1 + 2
E3
E1
E2
E3
E1
E2
E3
E1
E2
E3

13.8
16.4
51.7
0.0
100.0
14.5
44.7
40.8
17.9
28.6
50.0
-

32.0
68.0
5.9
31.4
62.7
10.0
23.0
6.5
30.7
62.9
11.1
32.0
51.5
11.8
29.4
58.8

8.0
86.0
3.6
34.5
80.0
12.5
46.2
41.3

E1
E2
E3
E1 + 2
E3

23.0
23.0
53.0
7.1
81.3

10.0
31.0
59.0
15.4
84.6

18.8
81.3

Adult and paediatric studies on disease extent. Italic font illustrates significant difference between Hispanic and Population group. Bold font shows
significant differences between AA and population group. AA: African-American.

Data on African-Americans and Hispanics was
limited for disease incidence and prevalence, and no
conclusions could be drawn. Only one study from the
United States described UC prevalence in AfricanAmericans and Hispanics, which was lower for each
[20]
group than the Caucasian population . Two separate
disease phenotype studies in Hispanics reported less
proctitis in one and more colonic disease in the other.
The parallel results would suggest that the Hispanic
race exhibits more extensive disease. Disease extent
was different for African-Americans, as the only study
reporting on it showed that most African-Americans
had rectal disease. Similar to the Hispanic group, the
large SA population showed significantly more pancolonic disease. Overall, these findings imply a higher
rate of colonic disease in Hispanics and SA migrants.
An interesting observation borne out by studies in
[18,35,38]
Leicester, North West London and British Columbia
is that the well documented increase in pan-colonic
disease did not translate into higher colectomy rate, as
would be expected. However, the two Hispanic studies
in this review showed more colonic disease, and the
one that studied colectomy rate reported a higher
colectomy rate for UC as would be expected with a
[24]
higher prevalence of pan-colonic disease .
In addition, we recently published data generated
from a national database showing a higher rate of
[41]
colectomy in a SA cohort in the United Kingdom .
In contrast to the UC incidence rate, the incidence
of CD seems to be consistently lower in SA than
Caucasians. Only one study showed a higher incidence
[12]
rate . This was a paediatric population, where the
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incidence of CD in the background population was
much lower (1.0/10000) than in a parallel Canadian
study (11.3/100000). It is plausible to speculate
that it may reflect earlier disease onset for second
generation migrants. The meta-analyses suggested
no strong evidence of a difference in the incidence of
the pooled CD data. Were the outlier study by Pinsk
[12]
et al
to be excluded, there would be a consistently
lower incidence of CD in SAs. The lower prevalence
in the United Kingdom is consistent with the lower
CD incidence for SA. In the United States, prevalence
for Asians was lower but this group is broader and
includes South East Asians and Pacific Asians.
The phenotypic pattern shows more colonic, less
ileal disease, more perianal and more penetrating and
stricturing disease in SA, with evidence collated from
different studies. The two independent observations
of more colonic disease and perianal disease in SA are
supportive of more aggressive disease in this group.
Similarly, the African-Americans had significantly less
TI disease, inferring more colonic disease. There was
more perianal disease, and even though this stems
from only two studies, they represent 65% of the
studied cases. The Hispanics also show more colonic
and perianal disease. Overall, migrants seem to be
less likely to have CD, but when it presents it tends to
be more aggressive with colonic and perianal location
and complex behaviour.
The prevalence studies show UC and CD to be
more prevalent in Caucasians compared to Black and
Hispanic groups and UC is more common in SA groups.
[19,20]
Comparing the two CD United States studies
, a
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was independently associated with non-adherence,
which is relevant as differential exposure to 5-ASA may
contribute to more extensive disease. Diagnostic delay
[27]
increases the risk of Crohn’s-related surgery , and
if access to medical care is limited for certain ethnic
groups, it may explain a more aggressive phenotype.
Smoking habits differ between ethnic groups. For
instance, in the United Kingdom, an estimated 40%
of Bangladeshi men regularly smoke compared to the
[45]
national average of 24% . This would be expected
to increase susceptibility to Crohn’s rather than UC in
this group and would may explain the predominant
perianal phenotype observed in Bangladeshis in East
[36]
London .
The other limitation rests with terminology and
terms used within each study, depending on the po
pulation studied. ‘Hispanic’ is a broad term that can
include people from Mexico, Puerto Rico or Cuba. This
is an example of a social construct of Hispanic ethnicity,
which may not reflect the genetic background of the
population. Better categorisation of these groups,
according to country of origin, is required to determine
whether there are differences. In the African-Americans,
the distinction between whether the patients were
migrants or second generation was not clear and as we
have seen in the SA group, this can impact on disease
phenotype. Apart from the SA group, the phenotypic
studies do not show clear differences in comparison to
Caucasians. Within the Hispanic and African-American
groups, the phenotypic results are discordant, which
may reflect the heterogeneity of the population.
This review, with its attendant limitations, de
monstrated the absence of high-quality, prospective,
population-based epidemiological studies on this topic.
[4]
[46]
The ACCESS and Epicom
studies are exemplary
recent prospective multicentre cohorts studies that
generated new insights into the incidence of IBD
in Asia-Pacific and Europe; however, they did not
report on migrants. We, subsequently, conducted a
retrospective review of the Epicom study population,
whereby migrant status was re-examined. We noted a
higher than expected incidence of IBD in the migrant
population, even though the number of migrants in
[47]
the majority of countries was still low . Conversely,
a recent paper describing the study of movement
of migrants from high to low incidence areas (Faroe
Islands to Denmark) has shown a significant impact on
UC disease risk. Excess risk of UC was nearly doubled
during the immigrants’ first 10 years, but after 10 years
the immigrants’ UC risk was similar to that of Danes.
In this study, the removal of an unknown exposure has
caused a dramatic shift in the incidence, emphasising
[48]
the importance of environmental factors .
The key change with migration is exposure to a
different environment. This may be driven by factors
that change with urbanisation, namely diet, lifestyle
(smoking, alcohol) and hygiene, among others. The

significant increase in prevalence was shown over time
in all groups. There has only been one United Kingdom
prevalence study, which was performed in 1989, and
the last United States study was over 10 years ago.
Newer studies are needed to update the emergence of
disease.
Differences in phenotype were noted between
first and second generation SA migrants. In second
generation migrants in Leicester, extensive colitis was
more common than in the first generation, which
[15]
was similar to that seen in Caucasians . The disease
pattern followed that of the indigenous population
after only one generation and conveys the influence of
environmental factors on disease expression. However,
these findings were not replicated in Northwest London
less than a decade later. UC disease phenotype in
first generation SA diagnosed within 10 years of
migration was similar to second generation SA, even
though the dominant phenotype was extensive colitis
[35]
in both generations . When the authors performed
a subgroup analysis on first generation patients, the
rates of diagnosis in the first, second and third decades
after migration were comparable and, somewhat unex
pectedly, there was no significant increase in disease
diagnosis with time spent in the United Kingdom. This
result, in conjunction with similar disease phenotype,
led the authors to speculate that perhaps genetic
susceptibility had a more important role to play. Indeed,
novel UC risk alleles have been identified specifically
[42]
in the North Indian population . A recent genomewide specific study has shown African-specific loci for
[43]
UC , demonstrating the importance of studying nonEuropean populations to better understand the disease.

Limitations of the study

The quality assessment of the incidence and prevalence
studies revealed significant weaknesses in the body of
evidence. Almost all the studies are retrospective and,
therefore, subject to case ascertainment bias. Only six
of thirteen studies used recognised diagnostic criteria,
and the majority of the studies were hospital- rather
than population-based and relied on ethnicity repor
ting through medical records or surname recognition.
There is a risk of information bias as data may have
been collected by different people, especially in the
studies spanning a longer time period. Differential loss
of follow up is also another source of bias.
Standard disease classification systems, such as
Montreal classification, were not used in all studies.
Moreover, the prevailing studies have failed to address
several confounding variables-medication, smoking,
diet, patient choice and clinical decision-making, all
of which could affect disease phenotype-and other
markers of severe disease, such as requirement for
[44]
surgery. Moshkovska et al
demonstrated that SA
patients had significantly higher concerns with 5-ASA
treatments than non-Asian patients, and SA ethnicity
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diet and its change with migration deserves further
examination. Where migrants form an ethnic enclave,
it may remain unaltered. When they integrate with
the local population, they may adopt the prevailing
western diet. Exposure to western diet can be studied by
its migration to the east. This tends to be associated
with rapid urbanisation, as seen in areas such as
Guangzhou, China, where the incidence of IBD has
[4]
recently risen .
Mounting evidence from animal models and human
studies indicates an overarching effect of diet on the gut
[49]
microbiota. Agus et al
showed how a western diet
induces changes in gut microbiota composition, alters
host homeostasis and promotes adherent invasive gut
colonisation in genetically-susceptible mice. In healthy
volunteers, 2 wk of either exclusive animal or plant
product consumption altered the microbial community
structure and overcame inter-individual differences in
[50]
microbial gene expression . In migrant populations,
dietary change may exert a more profound aetiopathogenic effect, which is largely unexplored in this
population group in conjunction with a dearth of detailed
dietary data on ethnic groups with IBD. Accurate
dietary data is difficult to obtain without an interviewerled, time-consuming questionnaire. Large scale epide
miological studies often neglect this area in favour of
collecting other and easily accessible information.
Studying the diet in migrant populations may provide
clues to modifiable risk factors in the development of
IBD. Whilst this may appear to be straightforward,
in reality it is challenging to explore because patients
significantly change their diets at diagnosis, with
[51]
consequential effects on microbial composition . This
confounder needs to be recognised and minimised when
studying ethnicity and alterations in the microbiota
by recording supervised dietary intake. Other envir
onmental factors, such as urbanisation and hygiene,
may also influence the microbiome but studying how
they do so is more challenging. We suggest looking at
the endpoint of genetic and environmental factors by
examining the function of microbiota through metabolic
profiles in migrant patients.
A link between distinct microbial patterns and mig
ration may partly explain the differences in disease
phenotype described in this review. Two studies reported
[52,53]
different microbial profiles for ethnic groups
. A
further study demonstrated that these compositional
differences can drive metabolic and immune activities,
[54]
which can be related to disease severity . Confounders
such as smoking, diet, medications, disease pheno
type and severity that affect the microbiota were not
analysed separately within these studies, due to the
small numbers of patients.
The potential role of environmental factors on mic
[55]
robial colonisation is an area of increasing interest .
Studying these early life perturbations in a genetically
predisposed population, such as second generation
migrants, bought up in a ‘western’ environment, for
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example SA, may help to decipher the impact of genetic
and environmental factors. A prospective inception
cohort to describe real-time epidemiological features
of IBD will address the limitations observed in this
systematic review. Parallel in-depth analysis of microbial
factors may show a specific microbial profile related to
migration and explain the differing disease phenotype,
whilst addressing the confounding factors.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Epidemiologic studies suggest an increasing incidence and prevalence of
inflammatory bowel disease (IBD) in developed countries. Some studies have
reported a change in migrants moving from developing low incidence countries
to developed high incidence countries, whereby they exhibit the incidence of
the adopted country. This implies there may be an environmental trigger for the
disease, as the onset is too rapid to be accounted for by genetic changes.

Research motivation

Disease presentation following migration offers a unique opportunity to examine
how environmental factors might influence disease expression in migrants.
Describing epidemiological changes in migrant groups may identify susceptible
ethnic groups and help target further studies.

Research objectives

The authors sought to summarise the current literature on IBD manifestation
after migration to developed countries. As there may be an overlap between
race, ethnicity and migration, we aimed to study epidemiology of IBD in ethnic
migrant and racial groups compared with the indigenous population.

Research methods

A systematic review using PRISMA guidelines was undertaken. Studies on
incidence, prevalence and disease phenotype of migrants and race compared
with indigenous groups were eligible for inclusion. A statistical meta-analysis
comparing the incidence between migrants and Caucasian groups was
performed.

Research results

Thirty-three studies met the inclusion criteria. South Asians showed consistently
higher incidence than indigenous groups for ulcerative colitis (UC). Pooled
analysis could only be undertaken for incidence studies on South Asians
compared to Caucasians. There was significant heterogeneity between the
studies [95% for UC, 83% for Crohn’s disease (CD)]. The difference between
incidence rates was not significant, with a rate ratio for South Asian:Caucasian
of 0.78 (95%CI: 0.22-2.78) for CD and 1.39 (95%CI: 0.84-2.32) for UC. In
six studies, there were more South Asians with pan-colonic disease than
Caucasians, and this was a significant finding in four studies. A similar pattern
was observed for Hispanics in the United States. Bangladeshis and AfricanAmericans showed an increased risk of CD with perianal disease.

Research conclusions

This the first study to show consistent differences in disease incidence,
prevalence and phenotypes between migrants and non-migrants. The South
Asian migrant population are particularly susceptible to developing UC. This
review has demonstrated the absence of high-quality, prospective, populationbased epidemiological studies on this topic. Investigation of migrant populations
may provide insight into the role of environmental change and diet in the
aetiology of IBD.

Research perspectives

A prospective inception cohort to describe real-time epidemiological features
of IBD will address the limitations observed in this systematic review. The
potential role of environmental factors on microbial colonisation is an area of
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increasing interest. Studying second generation migrants bought up in a ‘western’
environment, for example South Asians, may help to decipher the impact of
genetic and environmental factors. Parallel in-depth analysis of microbial factors
may show a specific microbial profile related to migration and explain differing
disease phenotype, whilst addressing confounding factors.
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Abstract
Non-selective beta-blockers are the mainstay of medical
therapy for portal hypertension in liver cirrhosis.
Inhibitors of phosphodiesterase-5 (PDE-5-inhibitors)
reduce portal pressure in the acute setting by > 10%
which may suggest a long-term beneficial effect.
Currently, there is no available data on long-term
treatment of portal hypertension with PDE-5-inhibitors.
This case of a patient with liver cirrhosis secondary to
autoimmune liver disease with episodes of bleeding
from esophageal varices is the first documented case
in which a treatment with a PDE-5-inhibitor for eight
years was monitored. In the acute setting, the PDE-5inhibitor Vardenafil lowered portal pressure by 13%.
The portal blood flow increased by 28% based on
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Doppler sonography and by 16% using MRI technique.
As maintenance medication the PDE-5-inhibitor Tadalafil
was used for eight consecutive years with comparable
effects on portal pressure and portal blood flow. There
were no recurrence of bleeding and no formation of
new varices. Influencing the NO-pathway by the use of
PDE-5 inhibitors may have long-term beneficial effects
in compensated cirrhosis.

A decrease of hepatovenous pressure gradient
(HVPG) by ≥ 20% from baseline or to a value of ≤
12 mm Hg after an application of non-selective betablockers for more than two weeks is accepted as
[8-10]
a good predictor of beneficial clinical response
.
Meanwhile, several studies demonstrated that a
decrease of HVPG by ≥ 10% in the acute setting
after intravenous administration of propranolol (0.15
mg/kg) is an adequate predictor of a clinical response
[11-13]
as well
. Therefore, it may be surmised that a
decrease of HVPG by ≥ 10% in the acute setting after
application of a PDE-5-inhibitor may be an indicator of
a long-term beneficial effect in liver cirrhosis with portal
hypertension.
In this case report of a patient with liver cirrhosis
who had multiple episodes of bleeding esophageal
varices we aimed to answer the following questions:
(1) Are the decrease of portal pressure and increase of
portal venous blood flow induced by a PDE-5-inhibitor
long-lasting? (2) Does the long-term use of a PDE-5inhibitor have a beneficial clinical effect of reducing the
risk of bleeding from esophageal varices? And (3) Do
we see any compound-specific adverse effects in the
long-term?

Key words: Portal hypertension; Phosphodiesterase-5;
Liver hemodynamics; Doppler sonography; Magnetic
resonance imaging; Liver cirrhosis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Non-selective beta-blockers are the mainstay
of medical therapy for portal hypertension in liver
cirrhosis. Inhibitors of phosphodiesterase-5 (PDE-5)
reduce portal pressure in the acute setting by > 10%.
This is the first report of a patient with liver cirrhosis
showing that in long-term treatment with a PDE-5inhibitor the positive effect on liver hemodynamics is
maintained thus preventing further variceal bleeding.
Deibert P, Lazaro A, Stankovic Z, Schaffner D, Rössle M, Kreisel
W. Beneficial long term effect of a phosphodiesterase-5-inhibitor
in cirrhotic portal hypertension: A case report with 8 years followup. World J Gastroenterol 2018; 24(3): 438-444 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i3/438.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i3.438

CASE REPORT
In February 2009 a 53-year-old female patient was
admitted to the University Hospital in Freiburg, Germany
for further evaluation. The patient was initially dia
gnosed with autoimmune hepatitis/primary biliary
cholangitis (AIH/PBC) overlap syndrome (positive for
anti-nuclear antibodies, antibodies to smooth muscle
cells, antibodies to pyruvate decarboxylase E2 subunit,
and to soluble liver antigen) in 1989. Since histology
and clinical chemistry showed that the AIH component
was predominant without cholestasis, the prescribed
therapy was a combination of corticosteroids and
azathioprine.
In 2006 the patient was previously admitted in the
Hospital of Norden, Germany with the first episode of
acute variceal bleeding with hemodynamic instability.
Banding of varices was performed. Sonography of
the abdominal organs showed signs of liver cirrhosis
including enlarged spleen. No other abnormalities were
found. Within the following 3 years she bled three
times per year from these varices. In 2008 she had
two episodes of bleeding from rectal varices which
were treated with rubber band ligation. Medical therapy
of portal hypertension with propranolol was initiated
but had to be stopped even at the low dose of 20
mg twice daily due to intolerable cardiovascular side
effects (i.e., bradycardia and hypotension). The patient
was regularly monitored in the liver transplant center
of the University Hospital in Hannover (Medizinische
Hochschule Hannover). She was waitlisted for liver
transplantation and the implantation of TIPS was
scheduled. She was referred to our hepatological unit in

INTRODUCTION
Portal hypertension in liver cirrhosis is caused by
[1-3]
several factors . Structural changes (i.e., regenerative
nodules and fibrosis) lead to an intrahepatic outflow
obstruction which is aggravated by an increased portal
blood flow (at least in early stages of cirrhosis) as a
consequence of excessive extrahepatic nitric oxide (NO)
production. About a quarter of the portal pressure is due
to a functional intrahepatic component: the imbalance
between constricting and dilating factors within the
sinusoids and the dysregulation of the nitric oxide cyclic guanosine monophosphate (NO-cGMP) system
lead to an overactivity of stellate cells/myofibroblasts
and contraction of sinusoids. Phosphodiesterase-5inhibitors (PDE-5-inhibitors) inhibit the conversion of
[2]
cGMP to 5’-GMP thus, increasing the level of cGMP,
the second messenger, which may lead to dilation of
sinusoids. There are conflicting data from preclinical
and clinical studies whether or not PDE-5-Inhibitors
[4-6]
lower elevated portal pressure in cirrhosis . However,
a recent proof-of-concept study showed that the longacting PDE-5-inhibitor Udenafil lowered portal pressure
at doses of 75-100 mg by approximately 20% in the
[7]
acute testing .
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Maximal flow velocity remained constant, at 24 cm/s in
duplex sonography and 17 cm/s in 3D MRI. No relevant
effect was observed on systemic blood pressure.
Visualization of the portal venous system by MRI (Figure
1) confirmed the duplex sonographic findings of a
prograde blood flow in the portal vein and the two main
intrahepatic branches and a recanalized umbilical vein
originating from the left main branch of the portal vein.
We discussed an experimental therapeutic approach
of the application of a PDE-5-inhibitor with the patient.
The patient was informed that this was an off-label
use and gave written informed consent. After having
verified that the PDE-5-inhibitor Vardenafil decreased
HVPG and that it led to an increase of portal venous
blood flow confirmed by two independent methods
we decided to start a long-term therapy with 5 mg
Tadalafil/day, as this PDE-5-inhibitor has a longer halflife than Vardenafil. In June 2009 an HVPG one hour
after oral administration of 5 mg Tadalafil of 10.5 mm
Hg was measured. Portal venous blood flow remained
elevated at 1.21 L/min. Systemic blood pressure
showed no clinically relevant changes (124/79 mmHg,
heart rate 88/min to 127/77 mmHg, heart rate 64/min)
in the acute setting. The next evaluation was performed
in October 2009 wherein after 10 mg Tadalafil the
HVPG decreased by 15% from 12.0 to 10.0 mm Hg.
Portal venous blood flow remained markedly elevated
(1.28 L/min in Duplex sonography and 0.99 L/min as
measured by MRI). In March 2010 HVPG was 10.5 mm
Hg, while portal venous blood flow remained about
30% higher than the initial reading as verified by the
two methods. Notably, the flow in the umbilical vein
was not influenced by the PDE-5-inhibitor. The results
of the measurements are shown in Table 1. No relevant
changes in heart rate or blood pressure occurred.
In April 2010 a second-grade esophageal varix was
injected with acryl-glue prophylactically. In March 2011
the last measurement of portal blood flow using duplex
sonography and the MRI method was performed. It
showed that the portal venous blood flow remained
constant at a level above than at the start of treatment.
Further invasive portal pressure measurements were
not performed.
The clinical course of the patient remained stable.
The portal venous blood flow determined by duplex
sonography was constant within the range of 1.2 and
1.4 L/min. Endoscopic monitoring every six months
showed scarring in the distal esophagus and with
no signs of new esophageal varices. The varices
remained closed by thrombosis. Two episodes of upper
gastrointestinal bleeding occurred in 02/2016 and
04/2016. Upper endoscopy excluded bleeding from
varices or portal hypertensive gastropathy. The bleeding
from the small visible erosions in the duodenum was
attributed to NSAID use which the patient had taken
due to headache. After administration of a proton pump
inhibitor no further bleeding occurred. In 12/2016
portal flow was quantified to be 1.06 L/min. However,
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Figure 1 Time-resolved 3D MRI image shows prograde blood flow in the
extrahepatic portal venous system and a recanalization of the umbilical
vein with flow over the left branch of the intrahepatic portal vein. PV:
Portal vein; smv: Superior mesenteric vein.

order to check whether the application of an inhibitor of
the enzyme phosphodiesterase-5 could be an option to
lower portal pressure and reduce the risk for bleeding
from esophageal varices.
The patient was in a good clinical condition upon
admission. The physical examination findings were
normal except for the palpable liver and minor bila
teral varicose veins of the lower extremities. Exa
mination of heart and lungs was unremarkable. No
bipedal edema was present. There were no signs of
hepatic encephalopathy. Blood pressure was 154/86
mmHg and the heart rate was 78/min. ECG and
echocardiography findings were normal except for
a slight tricuspid valve insufficiency. Systolic pulmo
nary artery pressure was not increased (26 mmHg).
Laboratory results showed no pathological values
except a slight increase in total bilirubin (1.6 mg/dL)
and thrombocytopenia of 105.000/µL, establishing the
case as Child A cirrhosis (i.e., normal bilirubin, normal
serum albumin, normal INR, no ascites, no hepatic
encephalopathy). In esophago-gastro-duodenoscopy
scarring transformation of two ligated varices was
observed. Three small varices of grade 1-2 were
visible. At this point, the daily medication consisted of
azathioprine 75 mg, prednisolone 5 mg, pantoprazole
20 mg, and calcium 500 mg.
To test the effect of a PDE-5-inhibitor on portal
hemodynamics in February 2009 10 mg of Vardenafil
were administered orally. Wedged hepatic vein pressure
(WHVP) and free hepatic vein pressure (FHVP) were
measured in triplicate before and one hour after the
drug administration. The HVPG, defined as WHVP FHVP, decreased by 14% from 10.5 to 9.0 mmHg.
Duplex sonography showed an increase in portal flow
by 28% (0.97 L/min to 1.24 L/min) 60 min after drug
intake. Systemic blood pressure changed from 130/87
to 121/75 mmHg one hour after drug administration,
while heart rate changed from 65 to 61/min. Portal flow
monitored by flow-sensitive 3D magnetic resonance
imaging increased by 16 % (0.85 L/min to 0.99 L/min).
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Table 1 Measurements of hepatic hemodynamic parameters
Time

Flow portal vein (L/min)

Start
1 h post Vardenafil 10 mg
4 mo Tadalafil 5 mg/d
Without PDE-5-I
1h post Tadalafil 5 mg
11 mo Tadalafil 5 mg/d
20 mo Tadalafil 5 mg/d
26 mo Tadalafil 5 mg/d
32 mo Tadalafil 5 mg/d
46 mo Tadalafil 5 mg/d
53 mo Tadalafil 5 mg/d
60 mo Tadalafil 5 mg/d
70 mo Tadalafil 5 mg/d
81 mo Tadalafil 5 mg/d
84 mo Tadalafil 5 mg/d
93 mo Tadalafil 5 mg/d

02/2009
02/2009
06/2009
10/2009
10/2009
03/2010
10/2010
04/2011
10/2011
12/2012
07/2013
02/2014
12/2014
11/2015
12/2016
09/2017

Flow umbi-lical
vein (L/min)

Duplex

MRI

MRI

0.97
1.24

0.85
0.99
1.21

0.53
0.56
0.56

1.28
1.32
1.34
1.26
1.25
1.20
1.20
1.20
1.20
1.40
1.061
1.29

0.99
1.33

0.53

1,34

HVPG (mmHg) Blood pressure (mmHg) Heart rate (beats/min)

10.5
9.0 (-14%)
10.5
12
10.0 (-15%)
10.5

130/87
121/75
127/77

69
61
64

110/70
120/80
115/75
125/80
117/70
131/85
110/70
115/75
110/70
135/85
135/75
110/70

84
70
77
72
66
70
68
78
70
65
85
80

1

The duplexsonography at month 84 was done with a different device.

this was measured with a different sonographic device.
The next sonographic examination in 09/2017 with the
original device revealed a constant portal blood flow of
1.29 L/min.
Figure 2 shows the distal aspect of the esophagus
with visible scars caused by sclerosing and banding,
with the old varices remained thrombosed. Figure 3
shows an abdominal computer tomographic angio
graphy. The portal vein (solid arrow) was perfused
in a prograde direction, the diameter was enlarged.
There were collateral veins at the splenic hilus and an
enlarged left ovarian vein (dashed arrows).
The patient continued the daily intake of 5 mg Tadalafil.
Other medications consisted of 75 mg Azathioprine
per day and 2.5 mg Prednisone per day. Because of
the stable clinical condition the patient is no longer
on the list of liver transplant candidates. During the
time of follow-up the number of varicose veins of the
lower extremities increased and a local therapy was
suggested.

effects to systemic hemodynamics were detected.
For several years the question whether or not
an inhibition of the enzyme PDE-5 lowers portal hy
pertension in patients with liver cirrhosis remained
unanswered. The idea to use a PDE-5-inhibitor in portal
hypertension has mainly been derived from theoretical
consideration based on known or assumed biochemi
[16,17]
cal mechanisms involved in portal hypertension
.
Meanwhile, the results of a proof-of-concept study were
published showing that the long-acting PDE-5-inhibitor
Udenafil lowers portal pressure in liver cirrhosis in a
[8]
dose dependent-manner in the acute setting . The
authors tried to explain the conflicting data obtained
from other working groups and suggested that the
effect of a PDE-5-inhibitor is dose-dependent and that
the most pronounced effect could be seen in early to
middle stages of liver cirrhosis, when the regulation of
the sinusoidal tonus could still be influenced. However,
the potential for a beneficial or detrimental effect of
PDE-5 inhibitors may depend on the stage of liver
disease and the extension of portal collaterals as it has
[18]
been postulated for nitrates .
According to recently published articles, a decrease
of HVPG by > 10% after acute administration of
propranolol might be sufficient to predict a beneficial
[11-13]
clinical effect on rate of rebleeding
. In this case it
was shown that using the short acting PDE-5-inhibitor
Vardenafil and the long-acting PDE-5-inhibitor Tadalafil
the portal pressure decreased by 14% and by 15%,
respectively. These data are consistent with other
[4,7]
published reports . It was therefore interesting to
monitor the effect of the PDE-5-inhibitor on clinical
outcome measures in this patient. It was possible to
observe the effect of Tadalafil on HVPG for one year.
If a PDE-5-inhibitor lowers portal pressure this may
be achieved by dilation of sinusoids which leads to a
[4]
concomitant increase of portal venous blood flow .

DISCUSSION
This case report describes a consistent beneficial
effect of a PDE-5-inhibitor in a patient with portal
hypertension due to AIH/PBC overlap syndrome who
had bled from esophageal varices. HVPG decreased
by 14% at the initial hemodynamic test and by 15%
a few months later. Portal venous flow increased by
28% as measured by Doppler ultrasound and by 16%
[14,15]
as measured by four-dimensional flow MRI
. These
measurements persisted for more than eight years
and were accompanied by a beneficial clinical effect.
Since the start of a therapy with 5 mg Tadalafil per day
no further esophageal variceal bleeding occurred for
eight years. Compound-specific adverse effects were
not observed. In particular, no clinically significant side
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Figure 2 Distal aspect of the esophagus (12/2016). Endoscopy shows scarring in the distal esophagus caused by sclerosing and banding, the old varices remain
thrombosed.

the sonographic data depends on the expertise of the
examiner. In this case, the MRI measurement showed
an effect consistent with the Doppler sonographic
results. Therefore, it is probable that during the longterm therapy with Tadalafil the positive effect on portal
pressure persisted.
Another notable observation was that during the
eight years of follow-up no signs of deterioration of
liver function were found. AIH, PBC, and AIH/PBC
overlap syndrome have unfavourable prognosis once
cirrhosis developed and even more after bleeding
[22-25]
from esophageal varices
. This raises the question
whether PDE-5-inhibitors could improve or stabilize the
function in a diseased liver. In thioacetamide-induced
liver fibrosis/cirrhosis in animals Sildenafil was shown
[26]
to induce a reversal of liver damage and fibrosis ,
and Udenafil had a positive effect on degree of fibrosis
[27]
in rats . It may be speculated whether some kind
of remodelling in a diseased liver may be induced
by long-term administration of a PDE-5-inhibitor by
influencing hepatic stellate cells which are suggested
[28]
as key mediators of fibrosis . In the presented case
the diagnosis of cirrhosis had been done in 1989.
The course of disease was relatively stable under
immunosuppressive therapy for 20 years. However,
episodes of upper gastrointestinal bleeding occurred.
It is unlikely that after such a time period a spontane
ous improvement in portal hypertension would occur.
Echocardiographic examinations in the year 2009,
2013 and 2017 revealed constant findings. Taken
together with stable values of blood pressure and heart
rate no significant changes in systemic circulation were
detected during the years of follow-up. Therefore,
the improvement in portal hemodynamics could be
attributed to the application of the PDE-5-inhibitors.
In conclusion, in this case of a female patient with
liver cirrhosis due to overlap-syndrome of AIH and
primary biliary cholangitis the application of Vardenafil
or Tadalafil induced a decrease of portal pressure by
14% and 15%, respectively, and an increase of portal
vein blood flow by 28% (Doppler sonography) and
16% (MRT). The use of a long-acting PDE-5-inhibitor

Figure 3 Computer tomographic angiography of the abdomen (09/2017).
These sections show the normal sized-cirrhotic liver with the portal vein draining
blood in prograde direction (solid arrow). The spleen is considerably enlarged.
There is a collateral blood flow originating from the splenic hilus via an enlarged
ovarian vein to the pelvis (dashed arrows).

Table 1 shows that the PDE-5-inhibitor induced an
increase of portal venous flow. Within a two-year
duration this increase was verified by two independent
methods (Doppler sonography and MRT).
This first documented case of a long-term app
lication of PDE-5 inhibitors in cirrhotic portal hyper
tension could initiate the discussion about this group
of drugs as novel adjunct therapy in this setting.
Further clinical studies must be conducted before
PDE-5 inhibitors can be safely recommended for this
indication. In this patient the effect of Tadalafil on
portal blood flow persisted for eight years. Presently,
there is still no generally accepted non-invasive marker
[19]
for portal pressure . The quantification of liver
hemodynamics with Doppler sonography has been
[20,21]
shown to correlate with the HVPG to some degree
.
The effect on portal blood flow may therefore be a
further surrogate marker for the influence of a drug
on portal pressure in portal hypertension. It can be
supposed that an increase of portal flow induced by
a PDE-5-inhibitor in liver cirrhosis may indicate a
preserved reactivity of the sinusoids and lowering of
portal pressure by the drug. However, the reliability of
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led to a long-lasting improvement of portal blood flow.
During the eight years of follow-up no further bleeding
from esophageal varices occurred.

6

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Case characteristics

7

This is the first report of long-term treatment of portal hypertension with PDE-5
inhibitors.

Clinical diagnosis

Variceal bleeding in liver cirrhosis due to autoimmune hepatitis.
8

Differential diagnosis

Diagnosis of cirrhosis was done 20 years before start of treatment, so the
decline in portal hypertension is probably attributable to PDE-5-Inhibitortreatment rather than spontaneous improvement.
9

Laboratory diagnosis

Improvement of portal hypertension was verified by invasive measurement of
hepatovenous pressure gradient.

10

Imaging diagnosis

11

MRI and duplex sonographic images verified improvement in portal hemo
dynamics.

Pathological diagnosis

Liver cirrhosis was histologically confirmed 20 years prior to PDE-5-Inhibitor
treatment.

12

Treatment

Oral treatment with Tadalafil 5mg once daily.
13

Related reports

Targeting the nitric oxide (NO)-cGMP-pathway in other diseases like pulmonary
hypertension or erectile dysfunction.

Term explanation

Non-selective beta-blockers are the mainstay of medical therapy for portal
hypertension in liver cirrhosis.

14

Experiences and lessons

Influencing the NO-pathway by the use of PDE-5 inhibitors may have long-term
beneficial effects in compensated cirrhosis.
15
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The secosteroid hormone vitamin D has, in addition
to its effects in bone metabolism also functions in the
modulation of immune responses against infectious
agents and in inhibiting tumorigenesis. Thus, deficiency
of vitamin D is associated with several malignancies,
but also with a plethora of infectious diseases. Among
other communicable diseases, vitamin D deficiency is
involved in the pathogenesis of chronic liver diseases
caused by hepatitis B and C viruses (HBV, HCV) and
high prevalence of vitamin D deficiency with serum
levels below 20 mg/ml in patients with HBV and HCV
infection are found worldwide. Several studies have
assessed the effects of vitamin D supplementation on
the sustained virological response (SVR) to interferon
(IFN) plus ribavirin (RBV) therapy in HBV and HCV
infection. In these studies, inconsistent results were
reported. This review addresses general aspects of
vitamin D deficiency and, in particular, the significance
of vitamin D hypovitaminosis in the outcome of HBVand HCV-related chronic liver diseases. Furthermore,
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current literature was reviewed in order to understand
the effects of vitamin D supplementation in combination
with IFN-based therapy on the virological response in
HBV and HCV infected patients.

have been reported
.
The prevalence of vitamin D insufficiency in patients
with HBV and HCV infection covers the broad range
[5,15,16]
from 16% up to 100%
. Several studies have
demonstrated a strong association between vitamin
D insufficiency and the clinical outcome and disease
progression of HBV and HCV infections. This applies
in particular to the onset of LC. However, the causal
relation and applying pathophysiological mechanisms
are not fully understood. Although increasing numbers of
studies describe the influence of vitamin D deficiency on
either the outcome of HBV/HCV-related liver disease or
on the virological response to interferon (IFN)/ribavirin
[6,17-23]
(RBV) treatment, the findings are still inconsistent
(Ref. 19: ClinicalTrials.gov; identifier NCT01277601).
Conflicting observations and conclusions apply also to
several randomized clinical trials in which the effects of
[24-29]
vitamin D supplementation were evaluated
.
Here, we address general aspects of vitamin D
deficiency and, in particular, focus on its association
with HBV and HCV-related chronic liver disease. We
also review the effects of vitamin D supplementation in
combination with IFN-based therapy on the virological
response in HBV and HCV infected patients.

Key words: Vitamin D; vitamin D deficiency; chronic
liver disease; hepatitis B virus infection; hepatitis
C virus infection; liver cirrhosis; hepatocellular
carcinoma; sustained virological response; vitamin D
supplementation
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Vitamin D deficiency is common and asso
ciated with chronic liver diseases. Several studies have
ascribed a strong association of vitamin D insufficiency
with unfavorable clinical courses and progression of
liver disease in hepatitis B virus (HBV) and hepatitis
C virus (HCV) infections. However, any causal relation
is so far not fully understood. In addition, there are
inconsistent results with regard to the impact of
vitamin D supplementation on the virological response
to IFN-based therapy; this applies particularly to HCV
infections. The present review addresses general
aspects of vitamin D deficiency and focuses on its
association with HBV and HCV infection. Furthermore,
the effects of vitamin D supplementation in combination
with IFN-based therapy on the virological response in
HBV and HCV infected patients are reviewed.

LITERATURE SEARCH
A systematic literature search was conducted using
PubMed, MEDLINE and ClinicalTrials.gov (identifiers
given where applicable). Search terms used in various
combinations were “vitamin D”, “vitamin D deficiency”,
“hepatitis B virus infection”, “hepatitis C virus infection”,
“chronic liver disease”, “liver cirrhosis” and “hepatocellular
carcinoma”. We did not restrict the search to a certain
period of time. Thus, articles written in English and
published in peer-reviewed journals describing
associations of vitamin D deficiency with clinical
outcomes or the effects of vitamin D in combination with
IFN-based therapy on the virological response in HBV
and HCV infected patients were included. Abstracts,
letters and posters presented in conferences were not
considered.

Hoan NX, Tong HV, Song LH, Meyer CG, Velavan TP. Vitamin
D deficiency and hepatitis viruses-associated liver diseases: a
literature review. World J Gastroenterol 2018; 24(4): 445-460
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i4/445.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i4.445

INTRODUCTION
Vitamin D deficiency affects almost one billion people
[1]
globally . Further to its crucial role in bone me
tabolism by supporting enteric absorption of calcium,
magnesium, phosphate, iron and zinc, vitamin D has
important non-skeletal effects which are involved in
many biological processes. In addition to insufficient
sun exposure, seasonality, place of residence, diet and
the extent of skin pigmentation, which all affect vitamin
D bioavailability, hepatitis B and C, the major causes
of liver cirrhosis (LC) and hepatocellular carcinoma
(HCC), may also contribute to vitamin D deficiency.
Low vitamin D serum levels are associated with many
[2,3]
human diseases
and frequently observed in chronic
liver diseases; vitamin D constraints contribute to
[4,5]
disease progression in chronic hepatitis B , chronic
[6,7]
hepatitis C , but also to non-alcoholic fatty liver
[8-10]
disease (NAFLD)
. Protective properties of vitamin D
in preventing HBV and HCV replication and in retarding
clinical progression of HBV/HCV-related liver diseases

WJG|www.wjgnet.com

VITAMIN D: METABOLISM AND
FUNCTION
Vitamin D was first identified as a prohormone early
th
in the 20 century. It is a fat-soluble secosteroid
[30]
and regulates skeletal and non-skeletal functions .
Adequate vitamin D levels are required for bone growth
and remodeling of osseous structures by osteoblasts
[30,31]
and osteoclasts, thus protecting from osteoporosis
.
Vitamin D promotes the absorption of calcium, mag
nesium, phosphate, iron and zinc from the gut and
maintains essential serum calcium and phosphate
concentrations to warrant normal bone mineralization
and to prevent hypocalcaemia.
Since the discovery of the vitamin D receptor (VDR)
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the non-skeletal functions of vitamin D have gained
attention. VDR is a member of the nuclear receptor
family of transcription factors and is expressed on
[32]
more than 35 types of solid tissues , but also on
[33,34]
macrophages as well as on T and B cells
. Vitamin
D is involved in physiological processes through
VDR activation, including the regulation of immune
[35,36]
responses, cell growth and cell differentiation
.
Therefore, vitamin D is considered a powerful modulator
of pathophysiological mechanisms in several infectious
[6,37-39]
diseases, cancers and metabolic disorders
.
Vitamin D occurs as vitamin D3 (25(OH)D3; cho
lecalciferol) and vitamin D2 (25(OH)D2; ergocalciferol).
More than 90% of vitamin D3, the prevailing form
of vitamin D, are produced in the skin by means of
sunlight exposure, while the remainder is retrieved from
[3,30]
dietary components
. Vitamin D2 does not depend
on sunlight and only minute amounts of vitamin D2
[40]
are derived from plants . Both vitamin D3 and D2
are inert. To become biologically active they need to be
sequentially converted to their intermediate metabolite
[calcidiol, 25(OH)D] and the final active form [calcitriol,
1,25(OH)2D] by hydroxylation in the liver and the
[1]
kidney . Hydroxylation of vitamin D is a process that
introduces a hydroxyl group (-OH) into vitamin D2 and
D3 in the liver to form 25-hydroxyvitamin D [25(OH)D].
The metabolites are further hydroxylated in the kidney
to produce the active form calcitriol. The active form
circulates as a hormone in the blood stream to regulate
the concentrations of calcium and phosphate and to
[41]
promote healthy growth and remodeling of bones .
Precise quantification of calcitriol is problematic due
to its short half-life and the serum concentrations that
are 1000 times less compared to those of 25(OH)D. In
contrast, 25(OH)D has a half-life of approximately three
weeks, making it an appropriate and largely reliable
[1,42]
indicator of the individual vitamin D status
.
An appropriate duration of exposure to ultraviolet
B (UVB) radiation is crucial in cutaneous vitamin D
[1,43]
production
, and a strong correlation exists between
vitamin D serum levels, UVB exposure and geographical
[1,44,45]
residence
. As latitudes increase, disposable
[44]
amounts of vitamin D decrease . At latitudes > 37°N
and < 37°S, sunlight does not sufficiently induce vitamin
D synthesis in the skin, in particular during the winter
[46]
months . Latitude and UVB exposure are, however, not
exclusive indicators of vitamin D deficiency. Other factors
are age, nutritional components and skin pigmentation
[1,43,45]
as well as certain chronic pathological conditions
.

sufficiently supporting a standard definition of vitamin
D deficiency.
Serum 25(OH)D levels are inversely correlated with
parathyroid hormone (PTH) levels. Low levels of vitamin
D stimulate PTH production and, consequently, PTH may
be considered a surrogate marker in the diagnosis of
vitamin D deficiency. However, high vitamin D levels do
not always lead to decreased PTH levels. If vitamin D
values are above approximately 30 ng/ml, serum PTH
[49,50]
levels will be at a low steady level
. Thus, current and
widely accepted definitions of vitamin D levels include
deficiency (< 20 ng/ml), insufficiency (20-30 ng/ml),
[1]
and sufficiency (> 30 ng/ml) .
Vitamin D deficiency is associated with a wide
spectrum of diseases including not only bone disorders,
but also several autoimmune and infectious diseases,
asthma and malignancies as well as psychiatric con
[1,51,52]
ditions
. Vitamin D inadequacy involves both
deficiency and insufficiency and constitutes an under
[53]
estimated health factor in many populations . In
developed countries, vitamin D deficiency is very
[1]
common, with almost half of the population affected .
Moreover, global assessment of the vitamin D status
in postmenopausal women with osteoporosis showed
that 24% had severe deficiency (< 10 ng/ml), with the
highest prevalences reported in central and southern
[42]
Europe . A similar trend was reported in a crosssectional, observational study conducted at 61 sites
across the United States, indicating that 52% and
18% among 1536 postmenopausal women receiving
osteoporosis treatment had 25(OH)D levels of less than
[49]
30 ng/mL and 20 ng/mL , respectively.
Vitamin D deficiency is common in western and
[4,54-58]
northern countries, but also in Africa and Asia
.
Serum levels in Asian populations were assessed
in three large cross-sectional studies in China (n =
[56]
[55]
3262) , South Korea (n = 6925) , and in Thailand (n
[54]
= 2641) . These studies defined deficiency as levels
of < 20 ng/ml and indicated highest prevalences of
deficiency in China (69%) and in South Korea (males
[55]
47%; females 65%) . In contrast, a significantly lower
prevalence of deficiency of 6% only was observed in
[54]
Thailand . This results most likely from its geographical
location close to the equator. In Vietnam, recent studies
with, however, smaller sample sizes found that vitamin
[4,59,60]
D deficiency prevalences range from 16 to 63%
.
Vitamin D deficiency in African populations may be
attributed to the skin pigmentation, traditional full-length
clothing, and the occurrence of infectious diseases
(tuberculosis, HIV/AIDS, malaria) which are associated
[61-65]
with deficiency
. A cross-sectional analysis of adults
in a National Health and Nutrition Examination Survey
(n = 8415) conducted in the United States reported that
vitamin D insufficiency among African Americans was as
high as 81%, but only 28% in individuals of European
[66]
descent . Other studies also consistently indicate that
vitamin D deficiency is more prevalent in immigrants
[67,68]
from Africa to the United States and to Europe
.
These reports underline that skin pigmentation is an

VITAMIN D DEFICIENCY
A standard definition of vitamin D deficiency does not
exist. Formerly, the vitamin D status was assessed
empirically, e.g., through overt diagnoses of childhood
[47,48]
rickets and osteomalacia in adults
. Today, the
recognition of deficiency relies on quantification of
vitamin D serum levels, representing the current
supply rather than functional activity and, thus, not
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Vitamin D deficiency and chronic hepatitis B

important factor in reducing vitamin D production.
Sub-Saharan Africa and several parts of Asia bear
a heavy burden of communicable diseases, which may
affect the vitamin D status. Several studies investigated
the causal effect of vitamin D deficiency on the severity
and progression of infectious diseases, in particular of
[69-71]
[72-74]
tuberculosis
and respiratory tract infections
.
Recently, vitamin D deficiency has also been implicated
in susceptibility to viral hepatitis and the severity and
progression of viral hepatitis-associated chronic liver
[4,12,75-77]
diseases
.

So far, most studies on associations of HBV-related liver
diseases with vitamin D deficiency were cross-sectional
studies (Table 1). In such study designs, any fluctuation
of vitamin D levels over the course of HBV infection
cannot be assessed and a causative association of
vitamin D levels with HBV-related liver diseases cannot
reliably be established.
Vitamin D is significantly associated with virus
replication in chronic HBV infection. Recently, several
studies have shown that insufficient vitamin D levels
most likely fail to suppress HBV replication and
[4,11,12,89]
contribute to poor clinical courses
. Vitamin D
levels are positively correlated with albumin levels and
platelet counts and, inversely, with ALT levels during
[19,39,78]
the active phase of hepatitis B
. Serum levels of
< 10 ng/ml can be predictive for low serum albumin
[22,75]
levels and the severity of chronic liver disease
.
However, other studies have reported that vitamin
D insufficiency was not correlated with liver function
parameters, possibly due to the fact that vitamin D
levels depend also on the composition of study cohorts
[4,11]
and the study designs
. Liver disease progression
in patients with chronic hepatitis B appears also to be
influenced crucially by distinct viral factors, in particular
by the infecting HBV genotypes. Genotypes C and B are
the major causes of chronic hepatitis B and subsequent
[90-92]
LC and HCC in East Asia
. Recent studies indicate
that patients infected with genotype B had a higher
prevalence of vitamin D insufficiency than those infected
[23,93]
by the C genotype
.
To the best of our knowledge, there are only two
studies which have investigated the association of
baseline vitamin D levels with sustained virological
response (SVR) to nucleoside/nucleotide analogues
(NUC) or IFNα in addition to treatment with NUC in
chronic hepatitis B. It was shown that the baseline levels
(cutoff value: 30 ng/mL) can predict the virological
response at week 104 (67% in the insufficiency group
vs 82% in the sufficient group, p < 0.001) in patients
[29]
with chronic hepatitis B treated with NUC . Chan et
[19]
al , however, concluded, inconsistent with the findings
given in Ref. 29, that baseline vitamin D levels are not
associated with more favorable treatment outcomes
in patients treated with either tenofovir disoproxil
fumarate (TDF) plus Peg-IFNα or TDF or Peg-IFNα
[19]
monotherapy . Further prospective studies assessing
associations of baseline vitamin D levels and treatment
outcomes in chronic hepatitis B, particularly in the IFNαbased therapy, are worth to be conducted.

VITAMIN D DEFICIENCY IN CHRONIC
HEPATITIS B AND C
Whether low vitamin D levels are the cause or the
result of certain diseases, including chronic viral liver
diseases, is not clear. Based on 290 prospective and
intervention studies, a systematic review has recently
concluded that vitamin D deficiency might be a result
and a biological marker of deteriorating health, driving
25(OH)D to low concentrations, rather than a cause
[2]
of disease . Vitamin D deficiency may contribute to
liver damage through increased inflammation and
[6,39]
fibrosis
. Other studies have shown that vitamin D
deficiency is clearly associated with unfavorable clinical
outcomes and accelerated progression of chronic liver
diseases due to viral hepatitis, alcohol consumption and
[4,8,10,12,60,78-82]
NAFLD
. Although vitamin D is associated
with NAFLD, a recent study showed that vitamin D
insufficiency was not associated with the presence of
[83]
NAFLD . Relationship between vitamin D deficiency
and the pathogenesis of NAFLD has been systematically
[10]
reviewed , and that vitamin D could be used as a
supplement in the management of NAFLD. However,
clinical trials concluded that vitamin D supplementation
has a less impact on the NAFLD pathogenesis such as
[84,85]
hepatic fat, injury, and hepatic steatosis
. Notably,
vitamin D deficiency may also contribute to reduced
antiviral responses in IFN/RBV treatment of hepatitis B
[6,19,28,86]
and C
. Comparable studies with regard to more
recent treatment regimens such as IFN-free and directacting antiviral agents are not available so far.
Worldwide, approximately 257 and 130-150
million people are affected by chronic hepatitis B and
C, respectively, making it a significant cause of viral
[87,88]
. A high prevalence of
infection-related fatality
vitamin D deficiency occurs in almost all chronic liver
diseases and their progression, irrespective of their
[9,19,78]
etiology
. Based on results of studies on vitamin
D insufficiency and deficiency in chronic hepatitis B
and C, serum vitamin D levels of < 20 ng/ml range
[5,15,16]
(Tables 1 and 2). Although high
from 16%-100%
prevalences of vitamin D insufficiency/deficiency are
observed both in healthy populations and in patients
with viral hepatitis, significantly higher rates of deficiency
were found in hepatitis patients compared to controls in
[4,6,80]
several studies
.
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Association of vitamin D deficiency with SVR to antiviral
therapy in chronic hepatitis C patients

In several studies the role of the vitamin D status
as well as the effects of vitamin D supplementation
on the efficacy of IFNα plus RBV in the treatment of
chronic hepatitis C have been investigated (Table 2).
Most studies showed high prevalences of vitamin D
deficiency and significant associations of low baseline
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Table 1 Representative studies on vitamin D deficiency in chronic hepatitis B virus patients
Study population
Diagnosis
Sample size (n )

Study design

Length of follow-up

China
CHB (n = 560)

Multicenter, 104 wk from initiation
randomized, of antiviral treatment
controlled

Vitamin D cutoff (ng/mL)

(%)

Main results

Ref.

< 20: deficiency
< 30: insufficiency
≥ 30: sufficiency

21
55
24

Yu et al[29], 2017

< 14: severe deficiency
≥ 14: deficiency
< 30 sufficiency
< 10: severe deficiency
< 20: deficiency
< 30: insufficiency
≥ 30: sufficiency

27
66
7
10.4
41.5
32.4
15.7

Vitamin D insufficiency highly
prevalent in treatment-naïve
patients with chronic hepatitis B
Baseline levels predict virologic
response at week 104 after
treatment initiation (67% in the
insufficiency group vs 82% in the
sufficient group)
Vitamin D deficiency significantly
associated with HBV genotype B

China
CHB (n = 133)

Cross-sectional

NA

Vietnam
CHB (n = 165)
LC (n = 127)
HCC (n = 108)

Cross-sectional

NA

China
CHB (n = 115)
LC ( = 115)
HC ( = 115)

Cross-sectional

NA

< 10: deficiency
< 20: insufficiency
≥ 20: sufficiency

83
17
0

South Korea
Cross-sectional
CHB (n = 110)
Other CLD (n = 97)
Iran
Cross-sectional
CHB (n = 84)

NA

< 10: deficiency
< 20: insufficiency
≥ 20: sufficiency
< 10: deficiency
< 20: insufficiency
≥ 20: sufficiency
< 20: deficiency
< 30: insufficiency
≥ 30: sufficiency

34.8
45.4
19.8
17.9
34.5
47.6
58
35
7

Multicenter in
Europe, Asia and
North America
CHB (n = 737)

NA

Randomized,
open-label,
activecontrolled
clinical trial

48 wk of TDF +
PegIFN
16 wk of TDF +
PegIFN followed by
32 wk of TDF
48 wk PegIFN or 120
wk of TDF

China
CHB (n = 426)

Cross-sectional

NA

< 32 insufficiency
≥ 32 sufficiency

82
18

China
CHB (n = 242)

Cross-sectional

NA

< 20: deficiency
< 30: insufficiency
≥ 30: sufficiency

8.7
31.4
60

China
CHB (n = 133)

Cross-sectional

NA

< 14: deficiency
< 30: insufficiency
≥ 30: sufficiency

27
66.2
6.8

Germany
CHB (n = 203)

Cross-sectional

NA

< 10: deficiency
< 20: insufficiency
≥ 20: sufficiency

34
47
19
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Zhu et al[93], 2016

Vitamin D insufficiency frequent Hoan et al[4], 2016
among HBV patients
Reduced vitamin D levels
significantly associated with
clinical progression of LC
Vitamin D levels and HBV DNA
loads strongly and inversely
correlated
Vitamin D levels significantly
Zhao et al[5], 2016
lower in LC compared to CHB
and HC groups (P < 0.001)
Child-Pugh score independently
associated with vitamin D
deficiency (cutoff < 10 ng/mL)
Vitamin D deficiency
Ko et al[154], 2016
independently associated with
advanced liver fibrosis
No significant association of
Sali et al[155], 2016
vitamin D levels in treated and
treatment-naïve patients
Reduced vitamin D levels highly Chan et al[19], 2015
prevalent among untreated CHB
patients
Low baseline levels of vitamin D
associated with high HBV DNA
loads, abnormal ALT at week 48
independent of treatment groups
Baseline vitamin D levels not
associated with treatment
outcomes
Vitamin D deficiency common
Wong et al[78], 2015
among patients with CHB and
associated with adverse clinical
outcomes
Higher prevalence of vitamin D
Yu et al[23], 2015
insufficiency in HBV genotype
B patients than in genotype C
patients
Vitamin D levels not associated
with HBV DNA levels or the
stage of fibrosis in CHB patients
Higher prevalence of vitamin D
Zhu et al[93], 2016
insufficiency in HBV genotype
B patients than in genotype C
patients
Vitamin D levels not associated
with other clinical parameters
HBV DNA viral loads as strong Farnik et al[12], 2013
predictor of low vitamin D levels
in CHB patients
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Egypt
OBI (n = 16)
CHB (n = 52)

Cross-sectional

NA

< 10: deficiency
< 30: insufficiency
≥ 30: sufficiency

China
CHB (n = 128)

Cross-sectional

NA

< 10: deficiency
< 20: insufficiency
≥ 20: sufficiency

Iran
CHB (n = 173)

Cross-sectional

NA

< 10: deficiency
< 20: insufficiency
≥ 20: sufficiency

OBI:
Vitamin D levels significantly
12.5
higher in OBI than in CHB
CHB:
patients
40.4
Serum level of vitamin D
OBI:
inversely correlated with HBV
62.5
DNA loads
CHB:
59.6
OBI: 25
CHB: 0
13.3
Vitamin D levels negatively
61.7 correlated with HBV DNA loads
25
Effective antiviral therapy might
increase the level of vitamin D in
CHB patients
58
Vitamin D levels inversely
39
correlated with HBV DNA levels
3

Mashaly et al[156],
2016

Chen et al[11], 2015

Mohamadkhani et
al[89], 2015

CHB: Chronic hepatitis B; LC: Liver cirrhosis; HCC: Hepatocellular carcinoma; CLD: Chronic liver disease; OBI: Occult hepatitis B infection; NA: Not
applicable.

= 4.6, 95%CI: 1.7-12.6) in vitamin D supplemented
groups compared to non-supplemented patient
[28]
groups, regardless of genotypes . A retrospective
study in Italy has assessed the effect of supportive
vitamin D treatment in combination with antiviral
therapy (IFNα plus RBV) in recurrent HCV infections
of patients who had undergone liver transplantation.
Vitamin D supplementation could increase SVR rates
[98]
significantly . In contrast, other studies showed
[15]
inconsistent results for the HCV genotypes 4 and 1 .
Randomized prospective studies with small sample
sizes and lacking a placebo-controlled arm challenge
the application of vitamin D as an adjuvant substance
[15,17,21,26]
in order to enhance SVR
. Although vitamin D
may be relevant in the treatment of chronic hepatitis C,
further randomized, placebo-armed studies are required
in order to confirm whether vitamin D supplementation
in fact improves the SVR in combination with IFN in
HCV infections.

levels of 25(OH)D at the time of antiviral therapy
initiation and lower odds of achieving SVR, which is
defined as undetectable serum HCV RNA level at 24
wk after cessation of treatment. However, other studies
reported rather inconsistent and partly contradicting
[7,16,20,94]
results
, possibly due to heterogeneity in patient
inclusion criteria (HCV infection or HIV/HCV coinfection,
ethnicity) and characteristics of vitamin D assessment
[86]
(seasonality, cutoff values, laboratory methods) .
To date, five meta-analyses have described an
[28,86,95-97]
association of baseline vitamin D levels with SVR
(Table 2). One study showed a significant association of
SVR with vitamin D deficiency. Low odds of achieving
SVR rates were found in patients with vitamin D levels
of < 20 ng/ml compared to patients with levels of ≥
[86]
20 ng/mL (OR = 0.5, 95%CI: 0.3-0.9) . A similar
result was found in another study, which reported high
rates of SVR in HCV patients with vitamin D levels
of ≥ 30 ng/ml (OR = 1.6; 95%CI: 1.1-2.2) and in
patients supplemented with vitamin D (OR = 4.6;
[28]
95%CI: 1.7-12.6), regardless of viral genotypes . In
[95]
contrast, Kitson et al reported that baseline 25(OH)D
levels were not associated with SVR in Peg-IFN/RBV
treatment, also regardless of the viral genotype
[95]
involved . The main differences in these metaanalyses are the study designs and patient selection
strategies, as, for instance, studies involving patients
with HCV/HIV coinfections were excluded in the third
meta-analysis, but included in the other meta-analyses.
When looking at the effect of vitamin D supple
mentation as an adjuvant to IFNα/RBV therapy for
treatment of chronic HCV infections, some evidence
indicates that vitamin D supplementation improves the
SVR (Table 2). SVR rates in patients supplemented with
vitamin D depend on the infecting HCV genotypes, and
range from 54%-86% for HCV genotype 1 (18.5% and
[17,98]
up to
42% in the non-supplemented control groups)
95% for HCV genotype 2 and 3 infections (77% in the
[21]
non-supplemented control group) . A meta-analysis
including eleven studies reported high odds of SVR (OR
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VITAMIN D AND VIRAL HEPATITISRELATED LIVER CIRRHOSIS
In an assessment of liver cirrhosis (LC) mortality in
187 countries during the period from 1980 to 2010,
global fatalities increased from approximately 676000
in 1980 to more than 1 million in 2010, accounting
[99]
for approximately 2% of all causes of death . There
is growing evidence that vitamin D deficiency is
associated with progression of LC caused by various
etiologies, mainly by HBV and HCV infection, but
[4,10,39,75,100-104]
also by alcoholic and NAFLD
. Vitamin
D deficiency reflects also hepatic dysfunction and
is associated with mortality in patients with LC,
[102,104]
regardless of underlying causes
.
The association of vitamin D with LC has been
more intensively discussed in chronic hepatitis C and
in NAFLD patients, rather than in chronic hepatitis B. A
recent meta-analysis included seven studies in order
to assess vitamin D serum levels and advanced liver
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Table 2 Representative studies regarding vitamin D status in chronic hepatitis C virus patients
Study population
Diagnosis
Sample size (n )
Study objective
Italy
CHC (n = 197)
HCV genotype 1
controls (n = 49)
United States
CHC (n = 218)
LC (n = 123)
Non-LC (n = 95)

Switzerland
CHC (n = 269) HCV
genotypes 1-4
Spain
CHC genotypes 1-4 (n
= 182)
Northern Italy
CHC ( = 211)
HCV genotypes 1-5

Study design

Length of follow-up Vitamin D cutoff (ng/mL) (%)

Ref.

Petta et al[6], 2010

Cross-sectional

NA

< 30: deficiency
≥ 30: sufficiency

73
27

Low vitamin D linked to severe
fibrosis and low SVR in IFN-based
treatment

Prospective

< 20: deficiency
< 30: insufficiency
≥ 30: sufficiency

43
33
24

Vitamin D deficiency associated
Backstedt et al[18],
with HCV–related LC and with
2017
hepatic function
No significant association between
SVR12 and serum vitamin D levels
at baseline

Case-control

12 wk after cessation
of antiviral therapy
SVR12: defined
as a viral load
undetectable or
below the level of
detection at week
12 after cessation of
antiviral treatment
NA

Cross-sectional

NA

< 20: deficiency
< 30: insufficiency
≥ 30: sufficiency

Prospective

24 wk after cessation
of antiviral therapy
SVR24: defined
as a viral load
undetectable or
below the level of
detection at week
24 after cessation of
antiviral treatment
Over 4 yr

< 20: deficiency
≥ 20: sufficiency

< 30: deficiency
≥ 30: sufficiency

No significant association between Lange et al[20], 2012
SVR and serum vitamin D levels
irrespective of genotypes
36
Vitamin D deficiency not related
Ladero et al[157],
41
to biochemical and virological
2013
23 variables or to the stage of fibrosis
stage
46.4
SVR24 rates to IFNα therapy
Bitetto et al[25], 2011
53.6 were 50%, 61%, and 69% in CHC
patients with baseline vitamin D
levels of ≤ 10 ng/mL, 10-20 ng/mL,
74
26

and > 20 ng/mL, respectively

Nested casecontrol study

Case-control

NA

< 20: deficiency
< 30: insufficiency
≥ 30: sufficiency
At baseline: 22(6–64)

Multicenter study,
France
HCV-HIV coinfection
(n = 189)

Cross-sectional

NA

< 30: deficiency
≥ 30: sufficiency

85
15

Japan
CHC (n = 619)

Cross-sectional

NA

Egypt
CHC (n = 70)
controls (n = 50)
Australia
CHC (n = 274)
HCV genotype 1

Cross-sectional

NA

47
36.7
16.3
NA

Case-control

NA

< 20: deficiency
< 30: insufficiency
≥ 30: sufficiency
At baseline
Cases: 18.6
Control: 56
< 20: deficiency
< 30: insufficiency
≥ 30: sufficiency

Prospective

24 wk after cessation
of antiviral therapy

Not stated

NA
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At baseline:
cases: 44.8
controls, 44.0

Not No difference in vitamin D levels Corey et al[158], 2012
stated
in patients with and without
progression of HCV-associated
liver disease

Multicenter study,
United States
Cases (histological
progression or clinical
decompensation; ( =
129), controls (n = 129)
Multicenter study,
Japan
CHC (n = 247)
HCV genotype 1b

Japan
CHC (n = 177)

Main results

451

Not NS5A Y93H and L31M resistancestated associated variants associated with
vitamin D deficiency

16
48
36

Okubo et al[159],
2016

Low serum vitamin D levels
Terrier et al[7], 2011
correlated with liver fibrosis as
assessed by FibroTest
No association between SVR rate
to IFN-based therapy and baseline
vitamin D levels
Vitamin D levels influenced by Atsukawa et al[160],
gender, age, hemoglobin level,
2015
albumin and seasonality
Vitamin D decreased in HCV
Reda et al.[161], 2015
patients
Baseline vitamin D levels not
Kitson et al[16], 2013
associated with SVR or fibrosis
stage in HCV genotype 1 but
deficiency associated with high
activity
SVR24 rates: 65% in patients with Atsukawa et al[162],
2014
vitamin D levels > 18 ng/mL vs
38.5% in patients with vitamin D
levels of < 18 ng/mL
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Egypt
CHC (n = 101)
HCV genotype 4
Vitamin D
supplementation group
(n = 50), controls (n =
51)
Israel
CHC (n = 72)
HCV genotype 1
Vitamin D
supplementation group
(n = 36), controls (n =
36)
Israel
CHC ( = 50) HCV
genotype 2 and 3
Vitamin D
supplementation group
(n = 20), controls (n =
30)
France
CHC (n = 516) HCV
genotype 1
Egypt
CHC (n = 66)
Vitamin D group (n =
20)
controls (n = 30)
Germany
CHC (n = 468)
HCV genotypes 1-3

Randomized
prospective

Randomized
prospective

Until 72 wk from
start of antiviral
therapy
SVR was assessed
at week 72 from
initiation of antiviral
treatment
24 wk after cessation
of antiviral treatment

Randomized
prospective

24 wk after cessation
of antiviral treatment

< 12: deficiency
< 32: insufficiency
≥ 32: sufficiency

Randomized
controlled

Until 72 wk from
initiation of antiviral
therapy
24 wk after cessation
of antiviral treatment

Not stated

Randomized
prospective

95
5
0

< 10: severe deficiency
< 20: insufficiency
≥ 20: sufficiency

21
59
20

Addition of vitamin D to PegIFNα/RBV therapy improves
SVR24 (86% vs 42%)

Abu-Mouch et al[17],
2011

26
54
20

Addition of vitamin D to IFNα/
RBV therapy improves SVR24
(95% in treated group vs 77% in
controls)

Nimer et al[21], 2012

< 12: deficiency
< 32: insufficiency
≥ 32: sufficiency

Retrospective

24 wk after cessation
of antiviral treatment

< 30: deficiency
≥ 30: sufficiency

Taiwan
CHC (n = 132)
HCV genotype 1-2

Retrospective

Not stated

Germany
CHC (n = 398)
HCV genotype 1

Retrospective

SVR was assessed
at week 48 (HCV
genotype 1) and
at week 24 (HCV
genotype 2) from
initiation of antiviral
treatment
SVR was assessed
at week 24 from
initiation of antiviral
treatment

Austria
HCV-HIV coinfection
(n = 65)

Retrospective

24 wk after cessation
of antiviral treatment

Italy
Retrospective
SVR was assessed
CHC (n = 42)
at week 48 from
Vitamin D
initiation of antiviral
supplementation group
treatment
(n = 15)
controls (n = 27)
Multicenter study,
Retrospective 24 wk after cessation
United States
of antiviral treatment
CHC (n = 1292)
HCV genotype 1
Meta-analysis
Meta-analysis
NA
To assess vitamin D
levels related to ALF
and/or SVR (n = 3755)
(11 studies for SVR, 7
studies for ALF)

WJG|www.wjgnet.com

No impact of vitamin D
Esmat et al[15], 2015
supplementation on SVR in HCV
genotype 4 patients
No correlation between vitamin D
levels and stage of liver fibrosis

< 20: deficiency
≥ 20: insufficiency
≥ 30: sufficiency

At baseline
18.7 (3-84.3)

< 10: deficiency
< 30: insufficiency
≥ 30: sufficiency
< 10: severe deficiency
< 20: insufficiency
≥ 20: sufficiency

Not No impact of vitamin D levels on
stated
efficacy of antiviral therapy in
naïve genotype 1 HCV patients
33.3
Addition of vitamin D to
43.3
conventional Peg-IFNα/RBV
23.4
therapy improved SVR24

Eltayeb et al[26],
2015

Vitamin D deficiency correlated Lange et al[80], 2011
with SVR in HCV genotype 2 and
3 patients (50% vs 81%: SVR24 for
patients with and without severe
vitamin D deficiency)
Not
Vitamin D can suppress HCV
Jee-Fu et al[13], 2017
stated replication in hepatic cell lines
Vitamin D serum levels associated
with both SRV and RVR to PegIFNα based therapy
66
34

Not
Addition of vitamin D to PegGrammatikos et
stated IFNα/RBV therapy for treatmental[94], 2014
naïve patients with chronic
HCV genotype 1: no significant
association with SVR
57
Low vitamin D levels may impair Mandorfer et al[163],
23
virological response to Peg2013
20
IFNα/RBV therapy, especially in
difficult-to-treat patients
Not
Vitamin D supplementation
Bitetto et al[98],
stated
improves SVR rate following
2011a
Peg-IFNα/RBV therapy (54%
in vitamin D group vs 18.5% in
control group)

< 12: severe deficiency
< 20: insufficiency
≥ 20: sufficiency

19
48
33

< 10: severe deficiency
< 20: deficiency
< 30: insufficiency
≥ 30: sufficiency

Not
stated

452

Belle et al[24], 2017

Higher vitamin D levels not
associated with SVR in Peg-IFNα/
RBV therapy

Loftfield et al[27],
2016

Low vitamin D levels related to
Garcia-Alvarez et
ALF
al[86], 2014
Low vitamin D levels at baseline
in CHC patients were associated
with a higher likelihood of having
ALF and lower odds of achieving
SVR
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Meta-analysis
To clarify any
association between
baseline vitamin D
levels and SVR (n =
2605) (11 studies)

Meta-analysis

NA

Not stated

NA

Meta-analysis
Meta-analysis
To assess the
association of vitamin
D levels with the
severity of liver fibrosis
in CHC (n = 8321) (6
studies)
Meta-analysis
Meta-analysis
To evaluate the
association between
vitamin D levels and
SVR in CHC (n = 1575)
(8 observational and 3
interventional studies)
Meta-analysis
Meta-analysis
To access the
association
between vitamin D
supplementation and
SVR rate to PEG-IFN/
RBV in CHC (n = 548) (7
studies)

NA

Not stated

NA

NA

At baseline
17-43 ng/mL

NA

NA

NA

NA

Baseline vitamin D levels not
Kitson et al[95], 2014
associated with SVR in PegIFNα/RBV therapy, regardless of
genotype
Effect of vitamin D
supplementation on SVR to be
determined
Lower serum vitamin D is a risk
Luo et al[97], 2014
factor for severity of liver fibrosis
in chronic HCV patients.

High SVR rates observed in
Villar et al[28], 2013
patients with vitamin D levels > 30
ng/mL
High SVR rates observed in CHC
patients supplemented with
vitamin D, regardless of genotype
Vitamin D supplementation
significantly increased SVR rates
to Peg-IFNα/RBV at 24 wk

Kim et al[96], 2017

CHC: Chronic hepatitis C; LC: Liver cirrhosis; ALF: Acute liver fairlure; IFNα: Interferon alpha; RBV: Ribavirin; Peg-IFN: Pegylated interferon; SVR:
Sustained virolagical response; RVR: Rapid virological response; NA: Not applicable.

[113]

fibrosis in patients with chronic hepatitis C. Low vitamin
D levels were related to advanced fibrosis, with two
cutoff values set of either 10 ng/mL (OR = 2.5, 95%CI:
[86]
1.2-4.7) or 30 ng/ml (OR = 2.2, 95%CI: 1.2-4.0) .
With regard to chronic hepatitis B, two studies have
recently reported a strong and inverse correlation
[45]
of serum vitamin D levels with progression of LC .
Abnormal vitamin D metabolism in LC was described
[105,106]
almost four decades ago
. It was mainly attributed
to impaired hydroxylation resulting from impaired liver
[100]
function . In LC patients, vitamin D deficiency is also
caused by dietary lacks, malabsorption and decreased
[75,107,108]
hepatic production of vitamin D binding protein
.
Vitamin D is involved in inhibition of inflammation
and liver fibrosis, substantiated by the observation that
VDR knockout mice spontaneously develop hepatic
[77,109]
fibrosis
. The function of vitamin D in mesenchymal
multipotent cells is to decrease expression of collagen
and profibrotic factors [transforming growth factor
beta 1 (TGFβ1) and serpin family E member 1
[110]
(SERPINE1)] , suggesting vitamin D supplementation
[110]
as preventive and supportive treatment in LC
.
Furthermore, vitamin D directly inhibits the proliferation
and profibrotic phenotype of hepatic stellate cells and
reduces thioacetamide-induced liver fibrosis in an
[109]
animal model . There are several lines of evidence to
support an inverse association of vitamin D levels with
[4,100,111,112]
liver fibrosis induced by chronic viral hepatitis
.
More specifically, a high expression of hepatic Toll-like
receptors (TLR2 and TLR4) can result in the production
of tumor necrosis factor alpha (TNFα) in chronic
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hepatitis C
. This cytokine is shown to modulate
[114,115]
fibrosis
. In this context, vitamin D might elicit
an anti-inflammatory mechanism by downregulating
the expression of TLR2 and TLR4 molecules. Recent
in-vivo studies have documented on the reduced
production of TNFα by monocytes, macrophages and
[116,117]
myeloid dendritic cells treated with vitamin D
.
Corroborating the findings, a yet another study show
that circulating vitamin D levels inversely correlate with
[118]
TLR2 and TLR4 expression .
Fibrotic conditions appear to be reversible and
[119,120]
even curable
when interventions are initiated at
[121]
early stages . Several observations have underlined
the importance of vitamin D supplementation in the
treatment of chronic liver diseases. However, so far
there have been no randomized prospective trials to
assess the role of vitamin D supplementation in the
treatment of LC.

VITAMIN D DEFICIENCY AND
HEPATITIS-RELATED HEPATOCELLULAR
CARCINOMA
Both incidences and mortality rates of certain cancers
are higher in northern latitudes, where sunlight
[122,123]
exposure is rather scarce
. Sound epidemiologic
studies have shown that vitamin D deficiency is
associated with an increased risk of colon, breast,
[124-130]
prostrate, and ovarian cancers
. Not much
information is, however, available on an association
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of serum vitamin D levels with either the risk or the
incidence and mortality rates of HCC caused by chronic
viral hepatitis.
In a recent cross-sectional study from Vietnam a
high prevalence of vitamin D deficiency was observed
in HBV-related HCC patients compared to healthy
individuals, and vitamin D deficiency was associated
[4]
with unfavorable courses of the disease . In chronic
hepatitis C, distinct single nucleotide polymorphisms
in genes related to the vitamin D signaling pathway,
including cytochrome P450 family 2 subfamily R
member 1 [CYP2R1, encoding the liver 25-hydroxylase
(rs1993116, rs10741657)], 7-dehydrocholesterol
reductase [DHCR7, encoding the 7-dehydrocholesterol
reductase (rs7944926, rs12785878)] were investigated
and an association between the human genotypes and
reduced 25(OH)D3 serum levels in the development
[131]
of HCV-related HCC was observed
. Another study
indicated that vitamin D might be a potential biomarker
for the development of HCC in patients with chronic
[132]
hepatitis C . In addition, a large prospective cohort
study examined the association between serum vitamin
D levels and the incidence of liver cancer among
[76]
520000 participants in ten European countries .
During more than 10 years of follow-up, a total of 204
HCC cases, mostly due to HBV and HCV infection, were
identified. Serum levels of 25(OH)D were inversely
associated with the risk of HCC. This finding was in
agreement with another prospective study showing
that lower serum 25(OH)D3 concentrations in 200 HCC
patients, also caused largely by HBV and HCV infection,
were associated with poor outcomes and end stages of
HCC, classified according to the BCLC (Barcelona Clinic
Liver Cancer) staging system and the Cancer of the
[133]
Liver Italian Program (CLIP) score . Overall survival
rates of HCC patients with serum 25(OH)D3 levels of ≤
10 ng/ml were significantly lower than those of patients
with serum levels > 10 ng/ml. In addition, the levels
were independently associated with the overall survival
[133]
in a multivariate analysis
. Apparently, vitamin D
deficiency is associated with tumor progression and a
poor prognosis in HCC patients. Although the results
suggest this role of vitamin D in HCC, it remains to be
determined further whether the association holds and is
causal.

randomized clinical trial (ClinicalTrials.gov; identifier
NCT00352170) vitamin D and calcium supplementation
[142]
have substantially reduced the risk of cancer . These
observations have raised increasing awareness of
ensuring adequate vitamin D levels in order to reduce
the risk of neoplasms.
The vitamin D analogues paricalcitol, doxercalciferol
and tacalcitol have meanwhile been approved for
[143]
application in patients with osteoporosis and psoriasis
and analogues of vitamin D receptor activators such as
maxacalcitol (OCT), 16-ene analogs, 19-nor analogs,
LG190119 have been tested in preclinical studies on
diabetes, several cancers (e.g., leukemia, colon, breast,
[144-146]
prostate, pancreatic cancer)
. With regard to
HCC, the vitamin D analogue seocalcitol, which has
[147-149]
proven effects in animal models of cancer
has
been investigated in patients with inoperable HCC in
a phase Ⅱ clinical trial (ClinicalTrials.gov; identifier
[150]
NCT00051532)
. Seocalcitol may be effective in
the treatment of HCC, especially in early stages when
prolonged treatment can be instituted. In addition,
seocalcitol is 50-200 times more effective in inhibiting
proliferation and differentiation of human cancer cell
[151]
lines than natural vitamin D3 .
In a phase 1 clinical trial the safety of high doses of
vitamin D administered in lipiodol and directly injected
into the hepatic artery of 8 patients with refractory
[152]
HCC was evaluated
. Lipiodol is an oily substance
consisting of polyunsaturated esters enriched in iodine
used as a vector for chemoembolization or internal
[153]
radiotherapy in unresectable HCCs
. Although this
study was not specifically designed as a pilot study
of vitamin D efficacy in HCC, the results showed a
certain stabilization of tumor marker levels, suggesting
[152]
some efficacy of vitamin D
. Another clinical trial
(ClinicalTrials.gov; identifier NCT01575717) is currently
performed to assess the effect of two different
doses of vitamin D3 (2000 IU vs 4000 IU) on serum
25OHD levels in HCC patients on liver transplant lists.
Nevertheless, so far, there are no approved vitamin D
analogues available for supportive HCC treatment.

CONCLUSION
Vitamin D deficiency is very common and frequently
observed in HBV- and HCV-associated chronic liver
diseases. It negatively affects the clinical courses
and promotes progression of liver diseases, but
causal relations are still not fully understood. Several
lines support that sufficient vitamin D levels play
an important role during antiviral treatment of HBV
and HCV infections. However, the effect of vitamin
D supplementation in combination with IFN-RBV
based therapy on virological responses is still unclear.
Various non-skeletal effects of vitamin D, including
antiinflammatory, antifibrotic and antitumor properties
have emphasized an association of vitamin D
deficiency with unfavorable liver disease outcomes, in
particular, liver cirrhosis. There is currently no approved

VITAMIN D AND ITS ANALOGUES IN
HCC PREVENTION
Vitamin D has numerous additional functions in the
prevention of cancer due to its antiproliferative, pro
apoptotic, differentiating, antiangiogenic and antiinvasive
[134-136]
properties
. Several in vitro and in vivo studies
have suggested that vitamin D inhibits growth of HCC
[137-139]
cell lines and effectively suppresses DNA damage
.
Data from several preclinical studies have assigned an
important role of vitamin D in prevention and treatment
[135,140,141]
of certain malignancies
. Furthermore, in a
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recommendation for vitamin D supplementation and
vitamin D analogues as supportive adjuvant treatment
regimes in viral hepatitis and related chronic disorders.
Further randomized, placebo-armed studies need to be
performed in order to confirm whether supplementation
of vitamin D or vitamin D analogues improve SVRs in
combination with specific antiviral treatment strategies
in HBV or HCV infections.
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Abstract

Institutional animal care and use committee statement:
This research protocol was approved by the CUCS Research
Committee from Universidad de Guadalajara. Also, it was carried
out in accordance with the National Institutes of Health guide for
care and use of laboratory animals.

AIM
To study the effect of 18-hydroxy-eicosapentaenoic
acid (18-HEPE) and 17-hydroxy-docosahexaenoic acid
(17-HDHA) in a murine model of obesity/nonalcoholic
fatty liver disease.

Conflict-of-interest statement: The authors of this manuscript
declare no conflict of interest.

METHODS
C57BL/6 mice were fed with standard chow diet (CD) or
high-fat, fructose-enriched diet (HFD) for 16 wk. Then,
three groups were treated for 14 d with either, diet
switch (HFD for CD), 18-HEPE, or 17-HDHA. Weight

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
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and fasting glucose were recorded on a weekly basis.
Insulin tolerance test was performed at the end of
treatment. Histological analysis (HE and Masson’s trichrome
stain) and determination of serum insulin, glucagon,
glucagon-like peptide 1 (GLP-1), glucose-dependent
insulinotropic polypeptide, adiponectin and resistin
were carried out as well as liver proteins by western
blot.

differential hepatoprotective effects in an obesity/nonalcoholic
fatty liver disease model in mice. World J Gastroenterol 2018;
24(4): 461-474 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i4/461.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i4.461

INTRODUCTION

RESULTS
Mice treated with hydroxy-fatty acids 18-HEPE and
17-HDHA displayed no weight loss or improved insulin
sensitivity. However, these mice groups showed a
significant amelioration on serum GLP-1, adiponectin
and resistin levels. Also, a significant reduction on
inflammatory infiltrate was observed at both portal
and lobular zones. Furthermore, up-regulation of
PPARα/γ protein levels was observed in liver tissue
and it was associated with decreased levels of NFκB also determined by western blot analysis. On the
other hand, diet switch regimen resulted in a marked
improvement in most parameters including: weight
loss, increased insulin sensitivity, decreased steatosis,
restored levels of insulin, glucagon, leptin, adiponectin
and resistin. However, no significant changes were
observed regarding inflammatory infiltrate in this last
group.

Nonalcoholic fatty liver disease (NAFLD) has become
[1]
a major chronic liver condition over the last decades .
It comprises a wide range of morphological alterations
ranging from simple steatosis to an inflammatory
state known as nonalcoholic steatohepatitis. Should
the inflammation persist throughout the years, it could
potentially lead to advanced established fibrosis and
ultimately become a form of end-stage liver disease
[2]
which includes cirrhosis and hepatocellular carcinoma .
Notably, NAFLD shows a high growth rate in the
Americas, and it is thought to derive mainly from
modern lifestyle habits featuring low physical activity
[3]
and chronic exposure to high-fat, high-fructose diet .
Those mentioned factors have dramatically increased
the prevalence of obesity and metabolic syndrome along
with its comorbidities: dyslipidemia, insulin resistance,
[4]
and hypertension .
Although the typical fat vesicles in the liver can be
originated by de novo lipogenesis from an excess of
dietary substrates, in the case of NAFLD it is largely
the result of a hypertrophied insulin-resistant white
adipose tissue. Such event leads to hyperlipidemia in
which the released fatty acids reach the liver where
[5]
they can be esterified and stored within hepatocytes .
Remarkably, it has been proposed that NAFLD might be
endorsed by a constant vicious cycle operating insulin
resistance and progressing fatty liver as both conditions
[6]
frequently coexist . Furthermore, insulin resistance is
primarily triggered by low-grade chronic inflammation.
In NASH, just as in many other pathological conditions,
persistence of inflammatory cell infiltration (in this
case white adipose tissue and liver) is a remarkable
[7]
feature .
Currently, the first line treatment for NAFLD remains
weight loss and overall lifestyle modification including
[8]
physical activity and healthy diet . However, given the
complexity of obesity treatment, in many cases it leads
to an elevated number of unsuccessful attempts. These
facts have prompted a tremendous need for alternative
strategies. In this regard, several drugs have been
proposed in the clinical scenario over the last years
such as pioglitazone, vitamin E, liraglutide, sitagliptine,
elafibranor, obeticholic acid, and pentoxifylline just to
name a few. Additionally, a large pipeline of preclinical
[9]
studies are under way . They are generally intended
to target major features of NAFLD either separately
or combined (lipid accumulation, oxidative stress,
inflammation, and fibrosis).
Diet-wise, a low intake of saturated fat and fructose

CONCLUSION
18-HEPE and 17-HDHA differentially exert hepa
toprotective effects through up-regulation of nuclear
receptors PPAR α / γ and amelioration of serum
adipokines profile.
Key words: Nonalcoholic fatty liver disease; Polyun
saturated fatty acids; 18-hydroxy-eicosapentaenoic acid;
17-hydroxy-docosahexaenoic acid; Obesity
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our study aimed to prove the efficacy of
hydroxy-fatty acids 18-hydroxy-eicosapentaenoic acid
and 17-hydroxy-docosahexaenoic acid (17-HDHA) in an
obesity/nonalcoholic fatty liver disease (NAFLD) model
in mice. We determined the effect of these molecules
on histological morphology as well as in protein
levels of key nuclear receptors and serum hormones,
incretins and adipokines as these parameters are
altered in NAFLD. We reported an effect by these
hydroxy-fatty acids on the most relevant target proteins
involved in this pathological process (PPAR α / γ ).
Also, we demonstrated that diet switch regimen is a
selective treatment control as most NAFLD markers
and histological alterations were ameliorated by this
intervention.
Rodriguez-Echevarria R, Macias-Barragan J, Parra-Vargas
M, Davila-Rodriguez JR, Amezcua-Galvez E, ArmendarizBorunda J. Diet switch and omega-3 hydroxy-fatty acids display
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[3,10]

from soft drinks has been part of NAFLD treatment
.
However, much attention has been paid to the antiinflammatory and lipid-lowering properties of other
types of fats such as w 3 polyunsaturated fatty acids (w
3 PUFA), which have long been investigated and showed
positive impact on cardiovascular and hepatic alterations
[11–13]
as well as in overall health
. Actions exhibited by
these fatty acids became a niche in lipid research in
the late 1970s after a study conducted in a Greenland
[14]
Inuit population . Furthermore, there is a wide
family of 3 PUFA-derived compounds mainly produced
by enzymatic oxidation routes on eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA) that are
thought to exert more potent actions compared to
their non-oxidized versions. In this regard, 18-hydroxyeicosapentaenoic acid (18-HEPE) and 17-hydroxydocosahexaenoic acid (17-HDHA) have been reported
to possess a high affinity for nuclear receptors such
as peroxisome proliferator-activated receptors α and
γ (PPARα and PPARg) which in turn orchestrate key
[15,16]
processes on lipid metabolism and inflammation
.
In fact, the effects of 18-HEPE and 17-HDHA as well as
other hydroxy-fatty acids have been tested on several
metabolic and chronic inflammation models at dosages
within the nanomolar range and showed protective
[17–19]
effects
. Finally, we conducted this study with the
aim to assess the effect of 18-HEPE and 17-HDHA in an
obesity/NAFLD model in C57BL/6 mice.

tiletamine-zolazepam (15 mg/kg body weight), blood
was extracted by cardiac puncture and centrifuged for
serum separation, whereas liver tissue was collected
and kept at -70 ℃ for further molecular analysis and
fixed in 4% paraformaldehyde for histological analysis.

Weight, glucose and insulin tolerance test

Animals were weighed on a weekly basis systematically
at 9:00-10:00 during the entire protocol. They were
five-hour fasted prior blood glucose determination (One
Touch Ultra, LifeScan Inc., Wayne, PA, United States).
Additionally, to assess insulin sensitivity, all mice
underwent an insulin tolerance test (ITT) by the end
th
of the 18 week. Mice were short-fasted for 5 h, basal
blood glucose was determined and shortly after this,
100 μl saline solution containing a standardized dose
of 0.025 IU of human-recombinant short-acting insulin
(Humulin R, Lilly, Indianapolis, IN, United States) was
intraperitoneally administered in every animal. Blood
glucose measurement was repeated thereafter at
30 min and 60 min. An additional solution of dextrose
in sterile water was ready to use in case an animal
might be at risk of death by the hypoglycemic effect of
short-acting insulin. Once the protocol was finished, all
animals were given free access to food and water. No
animal losses occurred during the ITT.

Serum biomarkers

Blood was allowed to clot during 20 min at room
temperature and then centrifuged at 1500 × g for
10 min in a refrigerated centrifuge. Insulin, glucagon,
leptin, ghrelin, glucagon-like peptide 1 (GLP-1), glucosedependent insulinotropic polypeptide (GIP), adiponectin
and resistin were measured in mouse serum by
multiplex detection immunoassay (Bio-Plex Pro Diabetes
Assay #171F7001M, Bio-Rad Laboratories, Inc.,
Hercules, CA, United States) according to manufacturer
instructions.

MATERIALS AND METHODS
Animals and diets

This research protocol was approved by the CUCS
Research Committee from Universidad de Guadalajara.
Also, it was carried out in accordance with the National
Institutes of Health guide for care and use of laboratory
animals. five-week old male C57BL/6NHsd mice were
purchased from Harlan (Mexico City) and were fed with
standard chow for 1 wk to stabilize their metabolism.
The animals were group-housed in polycarbonate cages
in a moderated environment and temperature at 22 ±
1 ℃ and a 12 h light/dark cycle. Mice were randomly
allocated to cages and fed with either standard chow
diet (CD) or high-fat, fructose-enriched diet (HFD) ad
libitum for 16 wk to induce obesity and NAFLD. CD
group received standard diet Prolab RHM 2500 5P14*
(12% of calories from fat) and had free access to pure
water, whereas HFD group received Testdiet 58V8 diet
(45% of calories from fat) and had free access to high
fructose-enriched water at a concentration of 42 g/L
(ratios at 55% fructose and 45% sucrose). Treatment
th
of the following began on week 17 and it lasted 14
days: intraperitoneal administration of either 18-HEPE
or 17-HDHA every 24 h (Cayman Chemicals; CAS
141110-17-0 and CAS 90780-52-2) in 100 μL 0.9%
saline with 2% ethanol as vehicle. Additionally, one HFDfed group underwent diet switch for chow diet and pure
water plus vehicle as a third type of control. At the end
th
of the treatment (18 week) mice were euthanized with

WJG|www.wjgnet.com

Histological analysis

Morphological and extracellular matrix deposition
assessment was carried out in liver tissue, which
was harvested and immersed in a fixation solution
(4% paraformaldehyde and 0.1 mol/L PBS at pH
7.4). Afterwards, tissues were embedded in paraffin
wax. Serial block (5 μm) sections were subjected to
hematoxylin-eosin (HE) and Masson Trichrome staining
according to standard procedures. An independent
pathologist performed histology grading based on NAS
[20]
(NASH Activity Score) . All parameters like hepatocyte
ballooning, lobular and portal inflammation were scored
0-3. Fibrosis was determined by morphometrical
analysis (ImagePro, Rockville, MD, United States).

Western blot analysis

Liver protein was extracted as follows: total protein
was extracted in lysis buffer containing 1 mol/L Tris/HCl
pH 7.4, 1% triton X-100, 10% glycerol, 137 mmol/
L NaCl, 0.5 mmol/L EDTA, and protease inhibitors
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(Complete Protease Inhibitor Cocktail, Sigma-Aldrich
Corp., Si. Louis, MO, United States; NaF and Sodium
Orthovanadate). Homogenate lysates were centrifuged
at 12000 g for 30 min at 4 ℃. Briefly, aliquots from each
sample containing 30 g of total protein quantified by the
Bradford protein quantification assay were resuspended
in SDS-containing Laemmli sample buffer, heated for
5 min at 95 ℃, and separated through 10% SDSPAGE under reducing conditions (2-mercaptoethanol).
Proteins were electro-blotted overnight at 4 ℃ onto
PVDF membranes and the efficiency of the transfer was
confirmed by Ponceau staining. Thereafter, membranes
were blocked 1 h at room temperature in Tris-buffered
saline (20 mmol/L Tris/HCl pH 7.5 and 0.5 mol/L NaCl)
containing 0.1% (v/v) Tween 20 (0.1% T-TBS) and 5%
(w/v) nonfat dry milk. Blots were washed three times
for 5 min each with 0.1% T-TBS and subsequently
incubated for 2 h at room temperature with primary
mouse/rabbit polyclonal antibodies: anti-PPARα ab8934
(1:1000), anti-LXRα ab3585 (1:300), anti-CPT1A
ab128568 (1:1000), anti-ACOX1 ab59964 (1:1000),
anti-SREBP1 ab3259 (1:1000), anti-PPARγ ab19481
(1:1000) (Abcam, Cambridge, MA, United States), and
anti-NF-κB #8242 (1:1000) (Cell Signaling, Danvers,
MA, United States) in 0.05% T-TBS containing 1% BSA.
After washing the blots three times for 5 min each with
0.1% T-TBS, the membranes were incubated for 1 h at
room temperature with a peroxidase-linked anti-mouse/
rabbit antibody (1:16000) in 0.01% T-TBS. To normalize
against a loading control, all membranes were stripped
and reblotted with anti-β-actin (1:5000). The obtained
bands were visualized by chemiluminescence (BM
Chemiluminescence Western Blotting substrate POD,
Sigma-Aldrich Corp., Si. Louis, MO, United States) kit
and quantified using ChemiDoc MP Imaging System
with Image Lab software (Bio-Rad Laboratories, Inc,
Carlsbad, CA, United States).

using Statistical Program for Social Sciences (SPSS
v20.0) for Windows medical pack (Chicago, IL, United
States). Statistical significance was determined at P <
0.05.

RESULTS
Weight and fasting glucose

As shown in Figure 1A and B, all HFD-derived groups
showed significant increase in weight from the sixth
week onwards, whereas fasting glucose alterations
appeared sooner at the second week. Diet switch
(HFD + DS) reduced body weight and restored fasting
glucose levels (32.8 ± 1.3 g and 111.3 ± 1.3 mg/dL
respectively) compared to HFD group (35.8 ± 0.9 g and
159.1 ± 3.4 mg/dL). Administration of both 18-HEPE
and 17-HDHA showed no differences in weight vs HFD
(36.3 ± 0.5 g and 37.3 ± 1.1 g). Regarding fasting
glucose, we observed higher levels in the HFD+18HEPE group (191.5 ± 5.0 mg/dL) while HFD+17-HDHA
group showed a similar value to HFD group.

Insulin tolerance test

Blood glucose values were plotted (mg/dL) and area
under the curve (AUC) was calculated based on these
data (Figure 1C and 1D). The lowest AUC value was
observed in CD (60.6 ± 19 Arbitrary Units, AU) while
the highest values in the graphic are observed in the
HFD group (113.8 ± 23 AU), as well as in both HFD
+ 18-HEPE and HFD + 17-HDHA groups (118.7 ± 37
and 98 ± 29 AU). HFD + DS was the only group that
displayed improved insulin sensitivity (68.9 ± 21 AU).

Daily energy intake

As shown in Table 1, analysis of daily energy intake was
divided into two phases: prior and during treatment.
First, we observed a significant difference between CD
and all HFD-derived groups. While CD showed a mean
daily consumption of 11.9 ± 0.3 kcal, HFD, HFD + DS,
HFD + 18-HEPE, and HFD + 17-HDHA showed higher
energy intake values (13.1.0 ± 0.2, 13.0 ± 0.3, 13.1 ±
0.3, and 13.0 ± 0.2 kcal respectively). Further, during
treatment phase, values in CD, HFD, HFD + 18-HEPE,
and HFD + 17-HDHA groups remained unaltered.
However, we observed a significant decrease in daily
energy intake in the HFD + DS group (10.7 ± 0.4).

Alfa-mouse smooth muscle actin (SMA)
immunohistochemistry

Liver biopsies were subjected to react with anti-mouse
smooth muscle actin (α-SMA) antibody, which was
obtained from Boehringer (Mannheim, Germany).
Briefly, histological-processed liver sections were
deparaffinized and endogenous activity of peroxidase
was quenched with a solution 0.03% H2O2 in me
thanol. Tissue was incubated with a 1/100 dilution of a
monoclonal goat anti-mouse α-SMA antibody. Anti-goat
peroxidase-labeled secondary antibody was revealed
with diaminobenzidine and tissue was counterstained
with Harris’s hematoxylin

Glucose homeostasis hormones

Insulin and glucagon (Figure 2A and B) were sig
nificantly increased in HFD, HFD + 18-HEPE and HFD
+ 17-HDHA groups (insulin: 2736 ± 119, 4138 ± 351,
and 2889 ±1242 pg/mL; glucagon: 397 ± 29, 477 ±
38, and 422 ± 10 pg/mL respectively) compared to
CD group (insulin: 1105 ± 142; glucagon: 162 ± 24
pg/mL). In fact, insulin levels in HFD + 18-HEPE group
were significantly higher compared to HFD group. On
the other hand, HFD + DS group displayed lower levels

Statistical analysis

Data are expressed as mean ± standard error of the
mean (SEM). Groups were compared using MannWhitney U test for quantitative data and Fisher’s exact
test for qualitative data. All analyzes were performed
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Table 1 Comparison of daily energy intake between phases
CD (n = 6) HFD (n = 6) HFD+DS (n = 6) HFD + 18-HEPE (n = 6) HFD + 17-HDHA (n = 6)
Prior treatment
During treatment

Daily energy intake (kcal)
Daily energy intake (kcal)

11.9 ± 0.3
11.9 ± 0.2

13.1 ± 0.2a
13.1 ± 0.3a

13.0 ± 0.3a
10.7 ± 0.4ac

13.1 ± 0.3a
13.0 ± 0.2a

13.0 ± 0.2a
13.1 ±0.2a

Values represent mean ± SEM. Mice per group are indicated in parentheses. aP < 0.05 vs CD, cP < 0.05 vs HFD by Mann Whitney U test.
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Figure 1 Weight, blood glucose and insulin tolerance test in an obesity/ nonalcoholic fatty liver disease model in C57BL/6 mice. Weight (A), fasting glucose (B),
Insulin tolerance test (C) and area under the curve from ITT data (D). All data are mean ± SEM. Groups: CD (n = 6), HFD (n = 6), HFD + DS (n = 6), HFD + 18-HEPE (n
= 6), HFD + 17-HDHA (n = 6). aP < 0.05 vs CD, cP < 0.05 vs HFD by Mann-Whitney U test. HFD: High-fat, fructose-enriched diet.

2C) remained widely without significant differences
among CD, HFD, and HFD+DS groups (42 ± 7, 47

in both hormones (insulin: 1580 ± 95; glucagon: 239 ±
14 pg/mL). Following with incretins levels, GLP-1 (Figure
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6), HFD (n = 6), HFD + DS (n = 6), HFD + 18-HEPE (n = 6), HFD + 17-HDHA (n = 6). aP < 0.05 vs CD, cP < 0.05 vs HFD by Mann-Whitney U test. HFD: High-fat,
fructose-enriched diet.

± 6, and 49 ± 5 pg/mL respectively). Administration
of both 18-HEPE and 17-HDHA showed a significant
increase in GLP-1 levels (103 ± 18, and 81 ± 4 pg/
mL respectively). Finally, GIP levels (Figure 2D) were
increased in all HFD-derived groups compared to CD
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(105.4 ± 8 pg/mL), however HFD + 18-HEPE group
showed significantly higher levels compared to HFD
group (237 ± 21 vs 169 ± 18 pg/mL). No significant
differences were found among the rest of the groups or
in comparison to HFD group (HFD + DS 151 ± 18 pg/
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Figure 4 Hepatic proteins involved in lipid oxidation and synthesis. PPARα (A), CPT1A (B), ACOX1 (C), LXRα (D), SREBP1 in both precursor (E) and cleaved
form (F). Every two bands from left to right are representative of each group. All data are mean ± SEM. Groups: CD (n = 6), HFD (n = 6), HFD + DS (n = 6), HFD +
18-HEPE (n = 6), HFD + 17-HDHA (n = 6). aP < 0.05 vs CD, cP < 0.05 vs HFD by Mann-Whitney U test. HFD: High-fat, fructose-enriched diet.

mL and HFD + 17-HDHA 181 ± 19 pg/mL).

pg/mL respectively). Diet switch and administration
of both 18-HEPE and 17-HDHA showed a significant
increase in adiponectin levels vs HFD group (3998 ±
305, 3367 ± 257, and 4297 ± 333 pg/mL respectively).
In contrast, resistin levels (Figure 3D) were significantly
increased in HFD group compared to CD (42.8 ± 1.9
and 14.8 ± 1.8 ng/mL respectively). Concerning treated
groups, only HFD + DS and HFD + 17-HDHA showed
decreased levels of resistin compared to HFD group
(18.3 ± 1.6 and 28.8 ± 2.5 ng/mL respectively), while
administration of HFD + 18-HEPE (43.4 ± 3.6 ng/mL)
showed no effect in resistin levels.

Energy balance hormones and adipokines

Leptin and ghrelin levels (Figure 3A and B) were
significantly increased in HFD, HFD + DS, HFD +
18-HEPE, and HFD + 17-HDHA groups (leptin: 37.8
± 5.7, 4.1 ± 0.7, 38.4 ± 3.3 and 40.0 ± 6.6 ng/mL;
ghrelin: 1070 ± 114, 847 ± 173, 902 ± 176 and 817 ±
68 pg/mL respectively) compared to CD group (leptin:
0.94 ± 0.3 ng/mL; ghrelin: 322 ± 44 pg/mL). However,
HFD + DS group showed a significant decrease in
leptin levels compared to HFD group. On the other
hand, ghrelin remained widely unchanged regardless
of treatment. With regards to adipokines, adiponectin
(Figure 3C) was significantly reduced in HFD group
compared to CD group (1881 ± 213 and 3172 ± 83
WJG|www.wjgnet.com

Hepatic proteins involved in lipid oxidation and
synthesis

Western blot analysis of lipid oxidation-related proteins
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Figure 5 Hepatic proteins involved in inflammatory process. PPARγ (A) and NF-κB (B). Every two bands from left to right are representative of each group. All
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Figure 6 Liver tissue morphology. Representative photomicrographs (Magnification × 20) Hematoxylin-eosin stain. HFD + DS showed a drastic decrease of
number in fat vesicles and ballooning degeneration, but minimal change in inflammatory cells. Both groups HFD + 18-HEPE and HFD + 17-HDHA showed noticeable
changes in steatosis and hepatocyte ballooning compared to HFD group. Plus, both groups displayed scarce presence of inflammatory cells.

comprised PPARα (Figure 4A) and its target genes
CPT1A and ACOX1 (Figure 4B and C). Administration
of both 18-HEPE and 17-HDHA produced a significant
increase in PPARα compared to both CD and HFD
groups. While CPT1A showed no statistical significant
differences among groups, ACOX1 revealed to be
significantly increased only in HFD + 18-HEPE group.
On the other hand, analysis of lipid synthesis-related
proteins was conducted by quantifying the relative
abundance of LXR (Figure 4D) and its target gene
SREBP1 in both, precursor and cleaved forms (Figure
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4E and F). In this regard, LXRα was reduced in all HFDderived groups with or without treatment compared
to CD group. Further, SREBP1 in both isoforms was
dramatically increased in HFD group vs CD, and,
noteworthy, diminished in all treated groups.

Hepatic proteins involved in inflammation process

In this regard, two major proteins were analyzed.
As shown in Figure 5A, PPARγ showed a dramatic
decreased in HFD compared to CD group. Notably, all
treated groups produced a significant increase in the
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relative abundance of PPAR. In contrast, NF-κB showed
a significant increase in HFD compared to CD group.
It was also observed that all treatments produced a
significant decrease in relative abundance of NF-κB
(Figure 5B).

DISCUSSION
The growing prevalence of obesity and its comorbidities
such as NAFLD has urged the need for research on
additional alternative therapies. In our study, we
demonstrated that administration of 3 hydroxy-fatty acids
18-HEPE and 17-HDHA decreased hepatic inflammation
in obese mice. These actions were mainly associated
with the up-regulation of PPAR and PPARγ proteins
in liver tissue. In addition, evidence for these effects
includes the ameliorated production of serum adipokines
(i.e., adiponectin and resistin) independently of body
weight. Importantly, we compared the effect of these
fatty acids to those observed in a group undergoing diet
switch (chow) after 16 wk of high-fat, fructose-enriched
diet . The importance of approaching obesity and NAFLD
with lifestyle modification including diet and exercise is
[21]
widely accepted and highly recommended . In fact,
analysis of on insulin sensitivity in obese mice treated
with normocaloric diet for ten wk was examined by
[22]
Lombardo et al , reporting weight loss, lower insulin
levels, improved insulin tolerance associated with in
creased expression of Glut4. Remarkably in our study,
mice undergoing diet switch displayed weight loss,
restored fasting glucose levels, and insulin sensitivity
by the end of treatment period. Alongside with these
findings, insulin, glucagon, leptin, adiponectin and
resistin showed restoration in this mice group which
could be largely explained by weight loss. Plus, liver
histology showed decreased steatosis and ballooning,
but no relevant changes in inflammatory infiltrate, which
has been described in humans when rapid weight loss
takes place either by bariatric surgery or low fat diets
[23,24]
in rodents
. It is possible that the virtually unaltered
liver inflammation in HFD + DS mice is a product of a

Liver histology

Microscopic liver morphology was conducted following
HE standard protocol (Figure 6). HFD group was
characterized by steatosis, hepatocyte ballooning
and inflammatory infiltrate. The main finding in HFD
+ DS group was the drastic decrease of number in
fat vesicles and ballooning degeneration (Figure 7A
and B); however, this group presented a moderate
inflammatory-cell aggregates on a great proportion of
microphotographs showing no statistical differences
vs HFD group. Further, both groups HFD + 18-HEPE
and HFD + 17-HDHA showed noticeable changes in
steatosis and hepatocyte ballooning compared to HFD
group. Besides, both groups displayed scarce presence
of inflammatory cells at lobular and portal zones
(Figure 7C and D) in different proportions. Analysis
of extracellular matrix was also examined, in which
we did not observe differences among all groups.
(Figure 8A and B). Furthermore, we conducted an
immunohistochemistry analysis to determine early
development of fibrosis. Therefore, SMA expression
was determined. Interestingly enough, HFD group
showed an augmented expression of αSMA along the
perisinusoidal space compared to CD group. This fact
could be representing the prelude of the fibrogenic
process. Noteworthy, HFD + DS and HFD + 17-HDHA
groups showed a pronounced reduction in αSMA
expression, whereas HFD + 18-HEPE group displayed
only a modest decrease (Figure 9).
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sustained release of free fatty acids from visceral fat,
which in turn may produce a transient activation of
inflammatory cells. Therefore, we hypothesized that
a longer period of diet switch regimen might produce
amelioration in lobular and portal inflammation.
[25]
Unlike the study carried out by Kohli et al , we found
no fibrosis in liver histology after 16 wk of high-fat,
fructose-enriched diet . This might be due to the higher
fat percentage in the diet they utilized (60% calories).
Nevertheless, similarly to what has been reported to
occur in NAFLD in humans, we observed higher serum
levels of insulin, glucagon, leptin, ghrelin and resistin in
[26]
our model .
Remarkably, administration of both 18-HEPE and
17-HDHA showed significant higher incretin levels. It
has been documented that GLP-1 and GIP secretion can
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be stimulated by -linolenic acid, EPA, DHA and 5-HEPE
[27,28]
through GPR120 in the colon
. However, in the
case of GLP-1, it has become a major target in NAFLD
treatment whereas GIP seems to be a controversial
piece in glucose homeostasis. It has been reported that
suppressing GIP in genetically modified mice is rather
[29]
beneficial under high fat conditions . Furthermore,
GPR120 activation by fatty acids might take place
[30]
either by oral administration or intracolonic delivery ,
but neither of these techniques were conducted in the
animals here studied. Notwithstanding, it has been
long reported that intraperitoneal injection may lead to
inadvertent administration of some material into the gut,
abdominal fat and subcutaneous tissues in a relatively
[31]
frequent occurrence (14%-24% of cases) . Therefore,
our results suggest that the increased GLP-1 and GIP
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Figure 9 Expression of mouse smooth muscle actin in liver tissue. Representative photomicrographs (Magnification × 40) Immunohistochemistry for α-smooth
muscle actin (SMA). Arrows show area in which the expression is marked. SMA expression was determined to analyze early development of fibrosis. HFD group
showed an augmented expression of SMA along the perisinusoidal space in compared to CD group. Noteworthy, HFD + DS and HFD + 17-HDHA showed a
pronounced reduction, whereas HFD + 18-HEPE groups displayed only a modest decrease.

levels could be in part due to eventual administration
of hydroxy-fatty acids into the gut. However, the
increase serum levels we observed on GLP-1 along
with the amelioration on adiponectin and resistin was
not sufficient to produce any improvement on insulin
resistance in these groups.
Analysis of liver tissue showed a marked increase
in relative abundance of PPARα and PPARγ in mice
treated with 18-HEPE and 17-HDHA. These finding
supports the previous reports on ligand activities exerted
[15,16]
by these fatty acids over both nuclear receptors
.
However, their activities were seemingly distinct. We
found a significant increase in ACOX1 by 18-HEPE
administrations and a tendency to enhanced production
of CPT1A by 17-HDHA (both PPAR target genes).
Restoration or enhancement in the abundance of
these enzymes is likely to promote fat oxidation and
therefore ameliorate steatosis. In fact, we found a
modest improvement in fat accumulation in the mice
treated with these fatty acids. However, diet switch
displayed a remarkable clearance of fat vesicles even
with normal ACOX1 and CPT1A protein levels. These
differences may be related to the diminished energy
intake observed in these mice group during diet switch,
leading to a negative energy balance without the need
to increment oxidation enzymes production. More to the
point, LXRα is a nuclear receptor known for its s capacity
to activate lipogenesis mainly through up-regulation
of SREBP1. The latter is a protein that in physiological
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conditions is stimulated by insulin, but it has been
described to be paradoxically activated in NAFLD mainly
[32]
by endoplasmic reticulum stress . We observed that
levels of this protein in both precursor and cleaved forms
were significantly blunted by all treatments. This effect
plays a key role in inhibiting de novo lipogenesis and
thus, steatosis exacerbation. Importantly, the effects
observed in SREBP1 were independent of the levels
we found in LXRα, as this nuclear receptor showed no
significant difference among treated vs non-treated
mice. It is important to mention that the role of LXR in
obesity is rather controversial. It has been proposed
[33]
as a pharmacological target for glucose intolerance
through agonists and even it has been reported to be
[34]
important in inhibiting fibrogenesis . Additionally,
both nuclear receptors PPARα and PPARγ display antiinflammatory actions by inhibiting NF-κB. It has been
reported that PPARα can increase NF-κB inhibitor alpha
(IκBα) expression and thus, prevent p50/p65 NF[35]
κB translocation into the nucleus for DNA binding .
On the other hand, PPARγ has been described to
mediate trans repression on inflammatory genes by a
SUMOylation dependent pathway also involving p50/
[36]
p65 NF-κB . These previous data could explain the
diminished relative abundance in NF-κB levels observed
in liver tissue. Also, lobular and portal inflammation
showed marked amelioration in mice groups treated
with fatty acids. In our study, hepatoprotective actions
elicited by these hydroxy-fatty acids were associated
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Research on treatment strategies is in fact an interesting area to explore.

with increased PPARα and PPARγ proteins in liver
tissue. In contrast, a phase 2 trial failed to prove
histologic amelioration on individuals with non-alcoholic
[37]
steatohepatitis using ethyl-eicosapentanoic acid .
Explanation for the lack of efficacy seems to lie on the
administered dose. The dosing for this trial was selected
based on existing data for its efficacy for dyslipidemia
in Japan. Thus, it is possible that this dose was not
sufficient for an American population. It is important to
remark that the dosage used in our study was greatly
lower (In average: 950 nanograms per day) compared
to previous studies in animals with similar objective
using EPA and DHA. Just as previous studies have
reported, position of the alcohol group in both EPA and
DHA is a relevant fact when it comes down to affinity for
[15,16]
nuclear receptors
. Importantly, these hydroxy-fatty
acids originated from w3 PUFAs exert protective actions
noticeable at the nanomolar ranges, many of which
have been associated with the resolution of unremitting
[17,38–41]
inflammation
. A major proposed mechanism
whereby these novel fatty acids exert anti-inflammatory
actions is through enzymatic biotransformation into
specialized pro-resolving mediators namely lipoxins,
resolvins, protectins and maresins. However, since we
did not explore this area, further analyses are required
to elucidate these possible mechanisms. Finally, we
demonstrated in our work the beneficial properties of
18-HEPE and 17-HDHA in an experimental model under
high fat conditions as well as a comparative analysis vs
dietetic intervention.
In conclusion, We demonstrated that most serum
metabolic parameters and histological features in obese
mice are reversible by switching diet regimen from
high-fat to low-fat for two wk. This finding supports
the evidence of diet switch regimen as a valuable
reference point for assessing alternative therapies.
Finally, administration of 18-HEPE and 17-HDHA
exerted hepatoprotective effects in the liver through upregulation of nuclear receptors PPARα/γ and amelioration
of serum adipokines profile.

Research objectives

To determine the efficacy of hydroxy-fatty acids in experimental NAFLD/obesity
as well as comparing the effects with diet switch regimen.

Research methods

Histological analysis, western bloting analysis and α-mouse smooth muscle
actin immunohistochemistry.

Research results

Mice treated with hydroxy-fatty acids 18-hydroxy-eicosapentaenoic acid
(18-HEPE) and 17-hydroxy-docosahexaenoic acid (17-HDHA) displayed no
weight loss or improved insulin sensitivity. However, these mice groups showed
a significant amelioration on serum GLP-1, adiponectin and resistin levels. Also,
a significant reduction on inflammatory infiltrate was observed at both portal
and lobular zones. Furthermore, up-regulation of PPAR α/γ protein levels was
observed in liver tissue and it was associated with decreased levels of NFκB also determined by western blot analysis. On the other hand, diet switch
regimen resulted in a marked improvement in most parameters including:
weight loss, increased insulin sensitivity, decreased steatosis, restored levels
of insulin, glucagon, leptin, adiponectin and resistin. However, no significant
changes were observed regarding inflammatory infiltrate in this last group.

Research conclusions

Most serum metabolic parameters and histological features in obese mice are
reversible by switching diet regimen from high-fat to low-fat for two wk. This
finding supports the evidence of diet switch regimen as a valuable reference
point for assessing alternative therapies. Finally, administration of 18-HEPE and
17-HDHA exerted hepatoprotective effects in the liver through up-regulation of
nuclear receptors PPARα/γ and amelioration of serum adipokines profile.

Research perspectives

Just as previous studies have reported, position of the alcohol group in both
eicosapentaenoic acid and DHA is a relevant fact when it comes down to affinity
for nuclear receptors. Importantly, these hydroxy-fatty acids originated from
w3 PUFAs exert protective actions noticeable at the nanomolar ranges, many
of which have been associated with the resolution of unremitting inflammation.
A major proposed mechanism whereby these novel fatty acids exert antiinflammatory actions is through enzymatic biotransformation into specialized
pro-resolving mediators namely lipoxins, resolvins, protectins and maresins.
However, since we did not explore this area, further analyses are required to
elucidate these possible mechanisms.
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Abstract

INTRODUCTION

AIM
To investigate expression of cell cycle-related and
expression-elevated protein in tumor (CREPT) in
colorectal cancer (CRC) and determine its prognostic
value in response to 5-fluorouracil (5-FU).

Colorectal cancer (CRC) is a malignant disease with
symptoms such as blood in the stools, aberrant
[1]
bowel movement, and weight loss . Globally, CRC is
the third most common malignancy, accounting for
approximately10% of all cases. In China, there were 376
300 newly diagnosed cases of CRC and 191000 deaths
[2]
in 2015 . With advances in early diagnosis and clinical
therapeutics, the average five-year survival rate is
approaching 70% in the United States. The diagnosis of
CRC mainly relies on pathological examination of tissues
collected via enteroscopy, and evaluation of cancer stage
heavily depends on imaging technologies like computed
tomography, positron emission tomography and mag
[3]
netic resonance imaging .
Fluorouracil-based chemotherapy is still the mainstay
[4]
for clinical management of CRC . 5-Fluorouracil (5-FU)
is an antimetabolite drug that inhibits the biosynthesis
[5]
of DNA and thus induces tumor cell apoptosis .
The clinical application of 5-FU-based adjuvant che
motherapy in the treatment of late stage CRC im
proves overall and disease-free survival in 10%-15%
[6]
of patients . However, the provoked resistance in
response to 5-FU seriously compromises its therapeutic
efficiency. Therefore, identification and characterization
of prognostic biomarkers for screening the potential
sensitive population for this drug is crucial.
Cell cycle-related and expression-elevated protein in
tumor (CREPT; also named RPR1B) was first identified
as an oncoprotein that is highly expressed in most
[7]
tumors . Principally, CREPT functions as a transcriptional
regulator in CCND1 expression in two distinct ways:
promoting direct binding of RNA polymerase Ⅱ on the
promoter region to activate transcription, or on the
termination region before the poly-A site to prevent
[7]
release from the transcript and allow for recycling .
CREPT was later identified to function on the human RNA
polymerase Ⅱ C-terminal domain scaffold and participate
in phosphorylation of the C-terminal heptapeptide repeat
[8]
domain . In addition, CREPT induces transcription of
several other cell cycle-related genes including CDK2,
CDK4, CDK6 and cyclin-E, which eventually accelerates
[9]
the cell cycle and stimulates cell proliferation .
There is accumulating evidence for the crucial
role of CREPT in tumor biology in a range of human
[10]
cancers . However, the expression pattern and
mechanistic involvement of CREPT in CRC have not
been fully investigated. In this study, we investigated
the role of CREPT in tumorigenesis of CRC via inducing
cell proliferation and stimulating the cell cycle.
Overexpression of CREPT rendered cells sensitive to 5-FU,
which reinforced the apoptotic response. We propose
the prognostic biomarker function of CREPT for clinical

METHODS
The relative expression of CREPT in CRC tumor sam
ples was determined using immunohistochemistry.
The protein content in cell lines was analyzed by
immunoblotting. Cell viability was measured with the
CCK-8 assay. Cell cycle and apoptosis analyses were
performed with flow cytometry.
RESULTS
CREPT was overexpressed in CRC tissues and correlated
with histological grade. Clinicopathological analysis
indicated that CREPT was positively related to tumor
progression. Exogenous expression of CREPT stimulated
cell proliferation and accelerated the cell cycle. More
importantly, high expression of CREPT sensitized CRC
cells to 5-FU treatment. Furthermore, we demonstrated
that 5-FU elicited significant apoptosis in CREPT-positive
cells.
CONCLUSION
Aberrant overexpression of CREPT contributes to
tumorigenesis of CRC by promoting cell proliferation
and accelerating the cell cycle, and confers sensitivity to
5-FU. CREPT is a potential prognostic biomarker for 5-FU
in CRC.
Key words: CREPT; Colorectal cancer; 5-Fluorouracil;
Apoptosis; Cell proliferation
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Cell cycle-related and expression-elevated
protein in tumor (CREPT) is an oncogene that is
preferentially expressed in diverse human tumors.
Overexpression of CREPT promotes cell proliferation
and tumorigenesis. However, the expression and
mechanistic involvement of CREPT in colorectal cancer
have not been fully investigated. Despite advances in
clinical applications of 5-fluorouracil, drug resistance
remains a significant limitation to its clinical use. A
prognostic biomarker for administration of this drug is
still urgently needed.
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Cell culture

MATERIALS AND METHODS

Human colorectal adenocarcinoma cell lines DLD1
and SW620 were purchased from American Type
Culture Collection (Manassas, VA, United States). DLD1
cells were cultured in RPMI 1640 (Life Technologies,
Carlsbad, CA, United States) and SW620 cells were
cultured in L-15 supplemented with 10% fetal bovine
serum (Biological Industries, Kibbutz Beit Haemek,
Israel), penicillin (100 U/mL) and streptomycin (100
mg/mL). DLD1 cells were maintained at 37 ℃ in a 5%
CO2-containing atmosphere and SW620 cells were kept
at 37 ℃ with 100% air.

Plasmids and antibodies

The expression plasmid for human CREPT was pCDH/
HA-CREPT, which was constructed in our laboratory. The
plasmid pBS/U6/CREPT-si was constructed according
to a previous protocol. The siRNA target sequence
(CREPT-si), GGACCTGAATTCACTAGAGA, was identical
for humans and mice. Antibodies against PARP (5625S)
were purchased from Cell Signaling Technology
(Danvers, MA, United States), anti-actin (AC-15)
antibody was obtained from Sigma-Aldrich (St. Louis,
MO, United States), and anti-CREPT antibody (3E10)
was raised in our laboratory.

Western blotting

Cells were harvested and homogenized in RIPA buffer
(Cell Signaling Technology), followed by determination
of protein concentration using the BCA kit (Life
Technologies). Proteins were resolved by 10% SDSPAGE, and then transferred to 0.45-mm polyvinylidene
difluoride (PVDF) membranes. The membranes were
blocked in 5% skimmed milk in Tris-buffered saline
with Tween 20 (TBST) at 37 ℃ for 1 h and incubated
with primary antibody at 4 ℃ overnight. The PVDF
membranes were rigorously washed with TBST
and subjected to secondary antibody hybridization.
The protein bands were visualized using enhanced
chemiluminescence (Millipore, Temecula, CA, United
States).

Patient specimens and staining

Two hundred and three primary CRC and 13 colorectal
adenoma patients who underwent surgical treatment
were selected. Formalin-fixed, paraffin-embedded tissue
blocks were cut into 4-µm paraffin sections, followed by
immunohistochemical analysis. The slides were heated
in a tissue-drying oven for 40 min at 65 ℃, followed by
deparaffinization in xylene and rehydration in a graded
alcohol series. The slides were incubated in sodium
citrate solution (pH 6.0) and heated in a boiling water
bath for 20 min for antigen retrieval. After endogenous
peroxidases were blocked by soaking the slides in 3%
H2O2, the slides were incubated with anti-CREPT
primary antibody (1:20) in a humidity chamber at
4 ℃ overnight. We washed the slides with phosphatebuffered saline (PBS) three times, and applied the
EnVision Kit (Dako, Glostrup, Denmark) to the sections
on the slides and incubated in a humidified chamber
at room temperature for 30 min. Signal detection was
performed using diaminobenzidine in the EnVision Kit
(Dako). All the slides were examined under a micro
scope by two blinded pathologists. The proportion of
positive cancer cell staining was classified as follows:
grade 1 (-) = no positive cells; grade 2 (1+) < 25%;
grade 3, 25%-75%; and grade 4, > 75%. All patients
gave informed consent for participation in the study.
The tissue collection procedure with informed consent
was approved by the Ethics Committee of the Chinese
PLA General Hospital, Beijing, China.

CCK proliferation assay

Cells were counted by hemocytometer and then seeded
4
into 96-well plates at 10 /well, and 5-FU (50 μm/mL)
was added 12 h later. CCK-8 (Dojindo, Kumamoto,
Japan) buffer was diluted as protocol indicated and
added to the wells at indicated time. Absorbance at 450
nm was recorded with a reference filter of 570 nm using
a microplate reader (Molecular Devices, Sunnyvale, CA,
United States)

Flow cytometry

Cells were seeded in six-well plates 12 h before 5-FU
was added. After incubation for 48 h, cells were
harvested and subjected to apoptosis detection by FITCAnnexin V Apoptosis Detection Kit with PI (BioLegend,
San Diego, CA, United States). The cells were analyzed
by BD FACSCalibur (San Jose, CA, United States).

Construction of lentivirus

Human CREPT gene was subcloned into pCDHvector with an HA-tag. Short hairpin RNA (shRNA)
was designed to downregulate expression of CREPT.
Nonoverlapped sequences were designed (shRNA,
5’-GCAAGAACGAAGUGUUAUTT-3’). The shRNA
targeting CREPT was selectively subcloned into lentiviral
vector pLVX-IRWS-ZsGreen1. pCDH-HA-CREPT was
also subsequently cloned into pLVX-IRWS-ZsGreen1.
Lentivirus was produced and the titration of purified
virus was determined according to our previous
[10]
study . The virus was stored at -80 ℃ until use.

WJG|www.wjgnet.com

Statistical analysis

Data were expressed as mean ± standard deviation
and were analyzed with unpaired t test and analysis
of variance followed by a post hoc t test. Differences
2
between proportions were assessed by the χ test.
Survival analysis was performed by Kaplan-Meier
method. All the analyses were conducted using SPSS
17.0 software. Statistical significance was defined as P
< 0.05.
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Table 1 Expression of cycle-related and expression-elevated protein in tumor in colorectal benign tumor and malignant tumor

Benign tumor
Malignant tumor

CREPT expression
Intermediate
6
21

Low
1
25

P value

High
6
157

0.035a

a

P < 0.05, CREPT: Cycle-related and expression-elevated protein in tumor.

NCM460

SW620

SW480

HCT116

D

B

DLD1

A

CREPT

β-actin

C

Tumor

Margin

Normal

200 μm
200 μm

Figure 1 CREPT expression in tumor and adenoma tissues. A: Negative CREPT immunohistochemical staining in colorectal adenoma tissue; B: Positive CREPT
immunohistochemical staining in CRC tissue; C: CREPT expression pattern in CRC sample; D: CREPT was determined by immunoblotting in CRC cell lines. CRC:
Colorectal carcinoma.

human colon mucosal epithelial cell line, was used
for comparative purpose. We did not detect CREPT
protein in NCM460 cells. In contrast, CREPT levels
were aberrantly upregulated in all four CRC cell lines
examined: DLD1, HCT116, SW480 and SW620. Our in
vitro expression analysis consolidated the observations
from clinical samples.
Next, we attempted to analyze if CREPT had any
correlation with clinicopathological features. Our data
unambiguously demonstrated the positive association
of high CREPT expression with pathological type (P <
0.05) and histological grade (P < 0.005) (Figure 2A
and Tables 1 and 2). Our data suggested that CREPT
expression was upregulated with CRC progression,
which implicated a crucial role of CREPT in this disease.

RESULTS
Overexpression of CREPT correlated with
clinicopathological features in CRC

To determine the expression pattern of CREPT in CRC
clinical samples, 203 CRC tissue slides and 13 benign
colorectal adenoma tissues as controls were collected
for immunohistochemistry. A significant increase in
CREPT was detected in the CRC tissues in comparison
with benign tissues (77% vs 46%; Figure 1A and B,
Table 1). Abundant expression of CREPT was observed
in well-differentiated tumors compared to moderately
and poorly differentiated tumors (Figure 2A and Table
2). The intensive staining signal was enriched in the
malignant region, in contrast to the margin (the benign
stromal tissue at the tumor periphery) and normal
counterparts in the same slide (Figure 1C).
We analyzed expression of CREPT in CRC cell lines
by western blotting (Figure 1D). NCM460, a normal

WJG|www.wjgnet.com

CREPT stimulated cell proliferation and cell cycle in
CRC cells

Our previous results characterized the aberrant high
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P value
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Figure 2 CREPT expression in CRC correlates with clinicopathological characteristics. A: CREPT expression level correlates with pathological type and tumor
differentiation; B: Survival curve of CRC patients shows significant difference between patients with or without 5-FU-bases adjuvant chemotherapy. CRC: Colorectal
carcinoma.

Overexpression of CREPT sensitized CRC cells to 5-FUinduced apoptosis

expression of CREPT in CRC both in vitro and in vivo.
In view of the essential physiological role of CREPT
in cell cycle modulation, we investigated whether
CREPT was involved in cell proliferation and cell cycle
regulation in CRC. To investigate whether CREPT
had any influence on the viability of CRC cells, we
constructed recombinant lentivirus lenti-HA-CREPT
to generate stable overexpression cell lines, and the
lentivirus lenti-sh-CREPT to knock down endogenous
expression of CREPT. SW620 and DLD1 cells were
infected with lentivirus. Both the ectopic expression
of CREPT and knockdown efficiency were evaluated
by immunoblotting (Figure 3A). Our results confirmed
establishment of stable cell lines for further analysis.
Cell viability was determined using CCK-8 assay.
Forced expression of CREPT in SW620 cells significantly
promoted cell growth, while cell viability was markedly
suppressed by CREPT depletion in DLD1 cells (Figure
3B and C). Previous studies have indicated that CREPT
[10]
affects G1 to S phase transition . In line with this
notion, our cell cycle analysis by flow cytometry clearly
demonstrated an increase of S and decrease of G phase
cells upon exogenous expression of CREPT in DLD1
cells (Figure 3D). All the results suggested that CREPT
overexpression played a critical role in stimulation of cell
proliferation and the cell cycle in CRC cell lines, which
might underlie its oncogenic potential in this disease.

WJG|www.wjgnet.com

The aforementioned data demonstrated the aberrant
overexpression and oncogenic activity of CREPT via
promoting cell proliferation and the cell cycle. We
investigated whether high expression of CREPT was
linked to chemotherapy resistance, especially for 5-FU.
We retrieved the relevant data from the Cancer Genome
Atlas (TCGA) database, and there was a trend that
abundance of CREPT was a favorable indicator for CRC
patients who received 5-FU-based chemotherapy (Figure
2B). Therefore, we set out to validate this observation
in our in vitro system.
We measured the cytotoxic effect of 5-FU in
CREPT-silenced DLD1 cells using the CCK-8 method.
Knockdown of CREPT markedly suppressed cell
proliferation. However, the cell viability of CREPT-silenced
DLD1 cells was significantly increased in comparison
with control cells in response to 5-FU (50 μg/mL)
treatment, which suggested that drug resistance was
induced by CREPT deficiency (Figure 4A). We showed
that 5-FU elicited dramatic apoptosis in DLD1 cells, while
this cytotoxic effect was significantly compromised upon
CREPT knockdown (Figure 4B and D).
All these results implied a close link between
CREPT expression and 5-FU sensitivity in CRC cells.
This observation was consolidated through apoptotic
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Figure 3 Alteration of CREPT expression in CRC cells affects cell proliferation. A: Western blotting showed that expression of CREPT in SW620 and DLD1
changed after exposed to virus for 48 h; B and C: SW620 and DLD1 cells were incubated in 96-well plates, and CCK-8 assay determined cell viability; D: Cell cycle
was detected by flow cytometry and indicated that CREPT accelerated cells through the G1/S check point. CRC: Colorectal carcinoma.

Consistently, the PARP level was markedly decreased
in CREPT-silenced DLD cells upon 5-FU treatment
(Figure 4C). All the results clearly demonstrated that
CREPT conferred cells sensitivity to 5-FU in vitro.

Table 2 Expression of cycle-related and expressionelevated protein in tumor in colorectal cancer according to
clinicopathological parameters
P -value

Low

CREPT expression
Intermediate

High

2
3
6
14

0
2
2
17

4
25
20
108

0.770

4
11
8

2
12
3

23
64
56

0.700

2
Ⅳ
Histological grade
Poor
9
Moderate
12
Well
4
Lymph node metastasis
Negative
15
Positive
10

4

14

6
13
2

31
71
55

0.004b

15
6

92
65

0.487

Tumor
T1
T2
T3
T4
Stage
Ⅰ
Ⅱ
Ⅲ

DISCUSSION
CREPT protein is essentially a transcription regulator
that acts via modulation of expression of multiple cell
[9]
cycle-related factors . For example, our previous
study indicated that CREPT enhances expression of
cyclin D1 by promoting RNA polymerase Ⅱ recycling
[7]
during transcription of this gene . A later study showed
that CREPT promotes transcriptional activity of the
β-catenin/TCF4 (transcription factor 4) complex and in
[8]
turn enhances the Wnt signaling pathway as well . The
Wnt pathway consequently regulates diverse biological
processes, including cell proliferation, survival, migration
[8]
and polarity .
Accumulating evidence indicates the oncogenic
activity associated with aberrant overexpression of
CREPT in various human malignances. For instance,
[9]
Wang et al demonstrated that CREPT promotes tumor
growth by accelerating the cell cycle in endometrial
[8]
cancer. Zhang et al reported that CREPT is highly
expressed in tumors and enhances the β-catenin/TCF4
transcriptional activity in response to Wnt signaling.

b

P < 0.05, CREPT: Cycle-related and expression-elevated protein in tumor;
CRC: Colorectal cancer.

pathway analysis in CREPT-manipulated SW620 and
DLD cells. 5-FU treatment stimulated a significantly
higher level of poly (ADP-ribose) polymerase (PARP) in
CREPT-expressing SW620 cells than in the control ones.
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Figure 4 CREPT facilitates CRC cell response to 5-FU chemotherapy. A: Cells were treated with 5-FU (50 μg/mL), and CCK-8 assay estimated their viability;
B: Annexin V-PI apoptosis detection show that DLD1 cells were less sensitive to 5-FU chemotherapy when CREPT was knocked down; C: SW620 and DLD1 cells
were harvested after exposure to 5-FU (50 μg/mL) for 48 h, and western blotting showed that PARP was highly expressed in cells that expressed more CREPT. CRC:
Colorectal carcinoma.
[11]

She et al suggested that CREPT expression correlates
with poor prognosis in patients with retroperitoneal
leiomyosarcoma. Similarly, high expression of CREPT in
CRC promotes tumor growth and is correlated with poor
[12]
[13]
prognosis . Liu et al
demonstrated that inhibition
of CREPT reduces proliferation and migration of nonsmall cell lung cancer cells by downregulating cell cyclerelated proteins.
Consistent with all these reports, here we de
monstrated that CREPT is highly expressed in both CRC
tissues and cell lines, and is intimately linked to the
pathological stage. Although there was no correlation
between overall survival and CREPT expression in any
of the CRC cases, stratification into non- and 5-FU
treatment groups revealed a significant difference in
respect to CREPT status. In line with its well-established
role in cell cycle modulation, we further elucidated that
CREPT promoted cell growth and accelerated the cell
cycle in both CRC cell lines. Consistent with the results
from TCGA database analysis, our in vitro experiments
consolidated that CREPT level was positively associated

WJG|www.wjgnet.com

with sensitivity to 5-FU.
5-FU is the mainstay chemotherapy drug for clinical
treatment of CRC. However, only 5%-10% of all CRC
patients manifested a favorable response to 5-FUbased regimens, whereas the majority had apparent
[5]
drug resistance . Several mechanisms underlying the
refractory effect have been elucidated. For example,
the elevated expression of DNA repair gene ERCC6
confers resistance to 5-FU and is associated with poor
[14]
[15]
patient survival in CRC . Liu et al demonstrated that
epigenetic silencing of ASPP1 confers 5-FU resistance in
clear cell renal carcinoma by preventing p53 activation.
In addition, overexpression of long noncoding RNA
UCA1 is related to multidrug resistance including 5-FU
[16]
and cisplatin . The miRNA miR-1290 functions as
a biomarker in DNA mismatch repair-deficient colon
cancer and promotes resistance to 5-FU by directly
[17]
targeting hMSH2 .
Several strategies have been exploited to surmount
the resistance developed in response to clinical use
of 5-FU. The synthesized peptide of SPARC (secreted
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potential chemotherapy predictive biomarker. Moreover, further study on the
impact of CREPT on chemotherapy outcome in other cancers and on other
antitumor drugs is needed.

protein acidic and rich in cysteine) interferes with the
interaction between caspase 8 and Bcl2 to resensitize
chemo-resistant tumors and enhance their regression
[18]
in vivo . With respect to miRNAs, overexpression
of miR-122 resensitizes 5-FU-resistant colon cancer
[19]
cells through inhibition of PKM2 in vitro and in vivo .
Moreover, the chemotherapy response is associated
with subsets of tumor-infiltrating lymphocytes in
[20]
gastric cancer . Together with all these results, here
we provide novel evidence that overexpression of
CREPT confers sensitivity to 5-FU on CRC cells, which
suggests that CREPT has great potential as a prognostic
biomarker for clinical application of 5-FU. Therefore,
we proposed that relative expression of CREPT in CRC
tissues should be determined during biopsy and could
serve as prerequisite for the decision to use 5-FU.
Although 5-FU exerts its maximum therapeutic
outcome in CRC, it is a broad-spectrum antitumor drug.
In the first-line chemotherapy of breast and gastric
cancer, 5-FU plays an irreplaceable role. According to
our previous study, CREPT has a similar effect on CRC,
breast and gastric cancer. This suggests that CREPT is
a potential chemotherapy sensitivity indicator in these
cancers and further research to verify this is needed.
Despite the well-acknowledged oncogenic role of
CREPT in a range of human cancers, here we indicate
that high expression of CREPT is favorable in respect
to 5-FU administration. However, the molecular events
underlying the drug sensitivity induced by CREPT are
still elusive. In view of its nature as a transcription
regulator of multiple cell cycle-related factors, we
hypothesize that CREPT accelerates the cell cycle and
exacerbates thymineless death in CRC cells in response
to 5-FU challenge. Beyond this study, the issue still to
be addressed is how CREPT is upregulated in CRC. Cui
[21]
et al
reported that miR-1188 at the imprinted Dlk1Dio3 domain acts as a tumor suppressor in hepatoma
cells and suppresses CREPT expression, which sheds
light on the regulatory mechanism underlying the
overexpression of CREPT in CRC.

Research methods

We analyzed tissue sections from 203 primary CRC patients and 13 benign
colorectal adenoma patients using immunohistochemistry with anti-CREPT
antibody. CREPT overexpressing/knockdown cell lines were established by
lentivirus infection. Expression of CREPT in these cell lines was analyzed by
western blotting and the cell viability was measured by CCK-8 assay. The
cell lines were subjected to 5-FU treatment. The cytotoxic effect of 5-FU was
measured by CCK-8 assay and poly (ADP-ribose) polymerase/flow cytometry
analysis.

Research results

CREPT expression correlates with clinicopathological features in CRC. CREPT
was abundantly expressed in CRC tissues compared with benign tissues. A
significant increase in CREPT was detected in more highly differentiated tumors.
The intensive staining signal was enriched in the malignant region in contrast
to the margin and normal counterparts in the same slide. CREPT stimulated
cell proliferation and the cell cycle in CRC cells. Cell growth was significantly
enhanced when CREPT was overexpressed via exogenous transfection,
while CREPT depletion markedly suppressed cell viability. Overexpression
of CREPT sensitized CRC cells to 5-FU-induced apoptosis. Knock down of
CREPT markedly suppressed cell proliferation. However, viability of CREPTsilenced DLD1 cells was significantly increased in comparison with control cells
in response to 5-FU treatment, indicating that drug resistance was induced by
CREPT deficiency. 5-FU elicited dramatic apoptosis in DLD1 cells.

Research conclusions

The impact of CREPT on CRC cell response to 5-FU was identified for the first
time. We hypothesize that this phenomenon is attributed to an accelerated cell
cycle induced by high expression of CREPT. However, the mechanism of this
finding requires further study. Clinically, biomarkers for chemotherapy efficacy
prediction are urgently needed and this research provides a candidate.

Research perspectives

There were a few limitations to this study. For example, compared to a public
database, first-hand follow-up data of patients are more convincing. For
the future, we are working on animal experiments to verify our findings in
vivo. Then, we will investigate the mechanisms of action of CREPT, and the
possibility of clinical application of CREPT as a prognostic indicator.
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AIM
To identify clinical biomarkers that could early pre
dict improved survival in patients with advanced-
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stage hepatocellular carcinoma (HCC) treated with
transarterial chemoembolization combined with
sorafenib (TACE-S).

v24/i4/484.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i4.484

METHODS
We retrospectively evaluated the medical records of
consecutive patients with advanced-stage HCC who
underwent TACE-S from January 2012 to December
2015. At the first follow-up 4-6 wk after TACE-S
(median, 38 d; range, 33-45 d), patients exhibiting the
modified Response Evaluation Criteria in Solid Tumors
(mRECIST)-evaluated complete response, partial
response, and stable disease were categorized as early
disease control. At this time point, multiple variables
were analyzed to identify the related factors affecting
survival.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer in the world and the fourth most
[1-4]
prevalent cause of tumor-related deaths . Although
the surveillance programs for the early detection of
HCC have been recommended to high-risk populations,
some HCC patients are still diagnosed at an advanced
stage, with vascular invasion or distant metastasis. The
prognosis of patients with advanced-stage HCC is very
poor, with a very short median survival time (less than 6
[5-7]
mo) . The Barcelona Clinic Liver Cancer (BCLC) group
recommended the tyrosine kinase inhibitor sorafenib
as a standard therapy for patients with advanced[8-10]
stage HCC (BCLC stage C)
. However, the tumor
response rate to sorafenib monotherapy is modest
with survival prolonged only for less than three months
[9,10]
compared with placebo
. Recently, a new treatment
modality, the combination of delaying intrahepatic
tumor progression with transarterial chemoembolization
(TACE) and targeting systemic disease (e.g., vascular
invasion or extrahepatic metastasis) with sorafenib,
is recommended as an alternative for patients with
[11-13]
advanced-stage HCC
, and indeed, some studies
have demonstrated favorable safety profiles and
survival benefits conferred by TACE combined with
[12-17]
sorafenib (hereafter, TACE-S)
.
The first follow-up assessment after TACE-S, usually
at 4-6 wk after TACE-S, which is considered the earliest
assessment time point, may directly guide the decisions
about subsequent therapies. However, to date, there
has been no specific baseline or clinical biomarker
(clinical, radiologic, and/or biochemical) used at the first
follow-up assessment to identify those patients who
would benefit most from this combination treatment.
The modified Response Evaluation Criteria in Solid
Tumors (mRECIST) has been proposed for assessing
[18-22]
the response to therapy in patients with HCC
.
Indeed, some studies have demonstrated that patients
with mRECIST objective responses [complete response
(CR) and partial response (PR)] to TACE alone at the
first follow-up assessment 4-6 wk after TACE have
[18,19]
better survival
. However, what is the situation
after combination therapy with TACE and sorafenib?
As sorafenib is part of the combination therapy, the
majority of sorafenib adverse events (AEs) appear
within the first month of sorafenib treatment. Zhao
[14]
et al
demonstrated that ≥ grade 2 early sorafenibrelated dermatologic AEs within the first month of
sorafenib initiation could determine the efficacy of
[23]
TACE-S . This finding implies that sorafenib has
had an effect in targeting HCC cells and/or inhibiting
tumor angiogenesis within the first month of sorafenib
initiation. Thus, we speculated that patients obtaining
survival benefits from the combination therapy may

RESULTS
Ninety-five patients were included in this study, and 60
of these patients achieved early disease control, with
an overall disease control rate (DCR) of 63.2%. Patients
who got sorafenib at the first TACE (no previous TACE)
and patients without portal vein tumor thrombus (PVTT)
had a higher DCR than those who underwent previous
TACE before TACE-S (72.4% vs 48.6%, P = 0.019) and
those with PVTT (75.5% vs 50.0%, P = 0.010). Early
disease control after TACE-S, no previous TACE, and
no PVTT were the independent prognostic factors for
survival in the uni- and multivariate analyses.
CONCLUSION
The first follow-up 4-6 wk after TACE-S can be used
as the earliest time point to assess the response to
TACE-S, and patients with mRECIST-evaluated early
disease control, no previous TACE, and no PVTT had
better survival.
Key words: Hepatocellular carcinoma; Transarterial
chemoembolization; Sorafenib; Survival; Prognosis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There are no clinical data/markers to early
predict improved survival in patients with advancedstage hepatocellular carcinoma treated with transarterial
chemoembolization combined with sorafenib (TACE-S).
In this study, we found that mRECIST-evaluated
disease control (complete response, partial response,
and stable disease) at the first follow-up 4-6 wk after
TACE-S can be used as an early indicator of better
survival from TACE-S. We also found that patients with
previous TACE and portal vein tumor thrombus had a
poor survival.
Meng XC, Chen BH, Huang JJ, Huang WS, Cai MY, Zhou JW,
Guo YJ, Zhu KS. Early prediction of survival in hepatocellular
carcinoma patients treated with transarterial chemoembolization
plus sorafenib. World J Gastroenterol 2018; 24(4): 484-493
Available from: URL: http://www.wjgnet.com/1007-9327/full/
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include not only patients with mRECIST-evaluated CR
and PR at 4-6 wk after TACE-S but also those patients
with mRECIST-evaluated stable disease (SD) because
sorafenib might have a tumor stabilizing effect in
delaying tumor progression. In fact, in two phase Ⅲ
randomized controlled trials of sorafenib in patients
[9,10]
with advanced-stage HCC
, the main benefit of
sorafenib monotherapy is from the prolonged disease
stabilization, which leads to improvement in overall
survival (OS). Therefore, in the present study, we
designed the first follow-up assessment at 4-6 wk
after TACE-S as the earliest observation time point and
included mRECIST-evaluated disease control (CR + PR
+ SD) as one of the early indicators for investigating
which patients might benefit the most from TACE-S.

body weight. Then, an emulsion of 2-10 ml of lipiodol
(Lipiodol Ultrafluido, Guerbet, France) and 20-60 mg
of doxorubicin hydrochloride was administered into
the feeder vessels. Finally, gelatin sponge particles
or polyvinyl alcohol particles (Cook, Bloomington, IN,
United States) that were mixed with contrast material
were administered into the feeder vessels until stasis
of arterial flow was achieved. After embolization,
angiography was performed to determine the extent of
vascular occlusion.

Sorafenib treatment

Sorafenib 400 mg was orally administered twice
daily 3-5 d after TACE, and patients were treated
with continuous sorafenib with no breaks before
or after repeated TACE. Sorafenib dose reduction
was based on the presence of toxicity. If grade 3/4
hematological toxicity, skin toxicity, gastrointestinal
toxicity, hypertension, or hepatic dysfunction defined by
the National Cancer Institute’s Common Terminology
Criteria for Adverse Events (NCI-CTCAE) version 4.03
[28]
occurred , a dose adjustment (400 mg once daily)
was required until the AEs were alleviated or eliminated.
After dose adjustment, if grade 3/4 AEs continued,
sorafenib treatment was halted until the adverse effects
were alleviated or disappeared.

MATERIALS AND METHODS
Study design, patient population, and data collection

This study was a retrospective study in which patients
with advanced-stage HCC (BCLC stage C) who had
been treated with TACE-S between January 2012 and
December 2015 were consecutively enrolled at our
institution. HCC was diagnosed according to the noninvasive criteria following the European Association for
the Study of Liver/American Association for the Study
[24]
of Liver Disease guidelines . The inclusion criteria for
the study population were: (1) being between 18 and
75 years of age; (2) having an Eastern Cooperative
Oncology Group (ECOG) performance status of 0-1;
(3) having Child-Pugh class A or B liver disease; (4)
having total bilirubin < 51 μmol/ L; and (5) having
an abdominal and chest CT or magnetic resonance
(MR) scan one week before treatment (at baseline),
[25-27]
and by mRECIST criteria
having at least one
target lesion that confirmed the diagnosis of HCC.
Patients were excluded from this study if they: (1)
had complete main portal vein obstruction without
collateral circulation around the portal trunk; (2) had
undergone radiofrequency ablation, surgery, or liver
transplantation; (3) had undergone other treatments
125
(radiofrequency ablation or
I seed implantation)
besides TACE during this study; (4) had infiltrative
lesions not suitable for imaging assessment; (5) had
serious medical comorbidities; or (6) had current or
a history of malignant tumors in addition to HCC. The
study was approved by our institutional review board.
Written informed consent was obtained from all patients
before treatment.

Follow-up and repeated TACE

All patients treated in our institution for HCC required
follow-up according to our institutional protocol.
Each follow-up session included a detailed history
and physical examination, laboratory tests, and
abdominal contrast material-enhanced three-phase
dynamic spiral CT or MR imaging. Laboratory tests
included hematological and biochemical analyses,
such as complete blood cell count, prothrombin time,
α-fetoprotein, aspartate aminotransferase, alanine
aminotransferase, total bilirubin, serum albumin, and
creatinine. Follow-up of all patients was conducted at
a 4-6-wk interval after previous TACE. Patients with
intrahepatic residual viable tumor or recurrent tumor on
CT/MR imaging underwent repeated TACE, if the ChildPugh status remained at class A or B and there was no
evidence of hepatic decompensation (e.g., uncontrolled
ascites or hepatic encephalopathy).

Assessments

The clinical, laboratory, and radiologic records were
reviewed. Side effects of sorafenib and TACE were
[28]
reported according to NCI-CTCAE version 4.03 .
Follow-up contrast-enhanced CT or MR was performed
4-6 wk after previous TACE to assess the tumor
response and to guide timely decision-making for
subsequent therapies. Tumor response was assessed
[25-27]
according to the overall mRECIST
, which included
a combined assessment of target lesions, nontarget
lesions, and new lesions. At baseline, measurable lesions
with diameters 1 cm or greater, suitability for repeat

TACE procedure

TACE was performed with a five-French catheter
or microcatheter as selectively as possible through
the lobar or segmental arteries, depending on the
tumor distribution. Initially, a solution of lobaplatin at
a concentration of 0.5 mg/ml was infused into the
tumor feeder vessels. The total level of lobaplatin
ranged from 20 to 50 mg depending on the patient’s
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Table 1 Baseline patient characteristics and comparison of disease control rate between different baseline characteristics
Characteristic
Sex
Male
Female
Age (yr)1
< 60
≥ 60
α-fetoprotein level (ng/mL)
< 400
≥ 400
ECOG performance
0
1
Hepatitis B
No
Yes
Previous TACE
No
Yes
Ascites
Absent
Present
Child-Pugh classification
A
B
PVTT
Absent
Present
Extrahepatic metastasis
No
Yes
Number of tumor
1
≥2
Maximum tumor diameter (cm)1
≤3
>3

Overall (n = 95)

CR + PR + SD (n = 60)

DCR (63.2)

88
7

56
4

63.6
57.1

80
15

52
8

65
53.3

42
53

26
34

61.9
64.2

66
29

41
19

62.1
65.5

5
90

4
56

80
62.2

58
37

42
18

72.4
48.6

52
43

32
28

61.5
65.1

80
15

49
11

61.3
73.3

49
46

37
23

75.5
50

69
26

47
13

68.1
50

16
79

10
50

62.5
63.3

6
54

66.7
62.8

P value2
1.000

48.2 ± 11

0.390

0.822

0.752

0.745

0.019

0.719

0.373

0.010

0.103

0.952

9.5 ± 4.5

1.000

9
86

1

Data are mean ± SD; 2Determined by χ 2 test. CR: Complete response; PR: Partial response; SD: Stable disease; DCR: Disease control rate; ECOG: Eastern
Cooperative Oncology Group; TACE: Transarterial chemoembolization; PVTT: Portal vein tumor thrombus; BCLC: Barcelona Clinic Liver Cancer.

Statistical analysis

measurement, and intratumoral arterial enhancement
on contrast-enhanced CT or MR imaging were qualified
as target lesions. The longest diameter of the viable
tumor (defined as the enhanced area during the
arterial phase) was measured on contrast-enhanced
CT or MR imaging. Non-enhancing atypical lesions
and extrahepatic lesions were assessed using RECIST
criteria. The presence or absence of nontarget lesions
and the appearance of new lesions were assessed
during follow-up. Overall responses were classified
into the following four categories: CR, PR, SD, and
progressive disease (PD). Patients exhibiting CR, PR,
or SD at the first follow-up assessment 4-6 wk after
TACE-S were categorized as early disease control,
whereas those with PD were classified as non-early
disease control. The early disease control rate (DCR)
was defined as the percentage of patients who achieved
CR, PR, and SD at 4-6 wk after TACE-S. Furthermore,
we analyzed the OS. OS was calculated for all patients
from the date of their first TACE, with or without
sorafenib, until their death or the last follow-up.
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All statistical analyses were performed using SPSS
version 16.0 software. To determine significant
differences in DCR between baseline characteristics,
chi-square tests were used. OS was compared using
Kaplan-Meier curves with the log-rank test. A Cox
proportional hazards model was used to examine
risk factors associated with survival. A two-tailed
P-value less than 0.05 was considered statistically
significant. Chen BH and Cai MY, who had learned
about biostatistics, performed the statistical analyses
together.

RESULTS
Study population

Of the 164 patients initially recruited, 69 were excluded
from the study because they met the exclusion criteria
(Figure 1). Ultimately, 95 HCC patients were enrolled
in this study. The detailed baseline characteristics
of these patients are summarized in Table 1. The
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Table 2 Univariate Cox proportional hazards regression analysis for overall survival
Factor
Sex (Male/Female)
Age (< 60/≥ 60 yr)
α-fetoprotein (< 400/≥ 400 ng/mL)
ECOG performance (0/1)
Hepatitis B (No/Yes)
Previous TACE (No/Yes)
Ascites (Absent/ Present)
Child-Pugh classification (A/B)
PVTT (Absent/ Present)
Absent
Main PVTT
Branch PVTT
Extrahepatic metastasis (No/Yes)
Number of tumor (1/≥ 2)
Maximum tumor diameter (≤ 3/> 3 cm)
Early disease control (No/Yes)

HR (95%CI)

P value

1/0.723 (0.314-1.666)
1/1.233 (0.698-2.179)
1/1.279 (0.821-1.995)
1/1.058 (0.645-1.735)
1/2.665 (0.653-10.874)
1/2.997 (1.831-4.903)
1/1.440 (0.922-2.250)
1/1.342 (0.751-2.400)
1/2.678 (1.697-4.227)
1.000
19.206 (8.436-43.727)
2.246 (1.386-3.639)
1/1.910 (1.182-3.087)
1/1.125 (0.620-2.043)
1/1.029 (0.472-2.244)
1/0.362 (0.227-0.577)

0.446
0.470
0.277
0.824
0.172
< 0.001
0.109
0.321
< 0.001
< 0.001
0.001
0.008
0.698
0.944
< 0.001

HR: Hazard ratio; CI: Confidence interval; ECOG: Eastern Cooperative Oncology Group; TACE: Transarterial chemoembolization; PVTT: Portal vein tumor
thrombus; BCLC: Barcelona Clinic Liver Cancer.

in the lung, 3 patients in the bones, and 2 patients in
the suprarenal gland. The mean duration of follow-up
was 14.6 mo (range, 2-28 mo). The median duration
of sorafenib treatment was 13.1 mo (range, 2-26
mo). Eighty-six of the 95 patients (90.5%) underwent
repeated TACE after TACE-S, with the mean number of
TACE procedures per patient of 3.1 (range, 1-5).

Screening medical records of advanced-stage HCC patients
treated with TACE + sorafenib (01/2012-12/2015) (n = 164)

Excluded (n = 69)
Incomplete or failed follow up (n = 5)
Previous RFA, LR or LT (n = 36)
Infiltrative HCC (n = 4)
Medical comorbidities (n = 3)
Survival time < 3 mo (n = 6)
Other malignant tumor (n = 3)
Other treatments during study period (n = 12)

DCR

Among all the 95 patients, 3 (3.2%) achieved CR, 35
(36.8%) achieved PR, and 22 (23.2%) achieved SD at
4-6 wk (median, 38 d; range, 33-45 d) after TACE-S.
Thus, a total of 60 patients achieved early disease
control (CR + PR + SD), with an overall DCR of
63.2%. The basic characteristics of these 60 patients
are shown in Table 1. It was observed that patients
who got sorafenib at the first TACE (no previous TACE)
had higher DCR than those who underwent one or
more TACE treatments before TACE-S (DCR: 72.4%
vs 48.6%; P = 0.019). Similarly, patients without PVTT
had higher DCR than those with PVTT (DCR: 75.5% vs
50.0%; P = 0.010).

Medical records of advanced-stage HCC patients treated with
TACE + sorafenib in this study (n = 95)

Figure 1 Flow diagram shows the selection of hepatocellular
carcinoma patients. HCC: Hepatocellular carcinoma; RFA: Radiofrequency
ablation; LR: Liver resection; LT: Liver transplantation; TACE: Transarterial
chemoembolization.

patient population consisted of 88 (92.6%) men with
an age range of 19-73 years (mean, 48.2 years).
Among 95 patients who received TACE-S, 58 (61.1%)
got sorafenib therapy 3-5 d after the first TACE (no
previous TACE); the remaining 37 (38.9%) patients,
who had undergone one or more TACE treatments
before TACE-S (previous TACE), received the com
bination of TACE and sorafenib because of tumor
progression after previous TACE. Ninety (94.7%)
patients presented with hepatitis B, and 80 (84.2%)
patients were classified with Child-Pugh A disease.
Forty-six (48.4%) patients had PVTT, including 36
(37.9%) at the portal vein branch and 10 (10.5%) at
the main portal vein. Twenty-six (27.4%) patients had
extrahepatic metastasis, including 14 patients with
extrahepatic metastasis in the lymph nodes, 7 patients
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OS

Eighty-one (85.3%) of the 95 patients died during
the observation period. The 0.5-, 1-, and 2-year
cumulative OS rates were 89.5%, 51.3%, and 16.2%,
respectively, and the median OS was 12.7 mo (95%CI:
9.4-15.9 mo).
The univariate Cox proportional hazards regression
analysis revealed that no previous TACE, the absence
of PVTT, the absence of extrahepatic metastasis, and
early disease control were significantly associated
with a better OS (Table 2). Based on these findings,
previous TACE, PVTT, extrahepatic metastasis, and
early disease control were included in the multivariate
analysis. The multivariate Cox proportional hazards
regression analysis found that previous TACE, PVTT,
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Table 3 Multivariate Cox proportional hazards regression
analysis for overall survival
Factor
Previous TACE
No
Yes
PVTT
Absent
Present
Early disease control
No
Yes
Extrahepatic metastasis
No
Yes

HR (95%CI)

P value

1
2.552 (1.477-4.412)

0.001

1
2.582 (1.608-4.146)

< 0.001

1
0.564 (0.339-0.936)

0.027

1
1.193 (0.680-2.092)

0. 538

Table 5 Adverse events related to transarterial che
moembolization
Adverse event
New ascites
Liver dysfunction
Pleural effusion
Spontaneous bacterial
peritonitis
Gastrointestinal hemorrhage
Inguinal haematoma
Hepatorenal syndrome
Ischemic cholecystitis

Hand-foot skin reactions
Diarrhea
Hypertension
Alopecia
Fatigue
Voice change
Gastrointestinal hemorrhage
Epistaxis

78 (82.1)
71 (74.7)
10 (10.5)
29 (30.5)
29 (30.5)
1 (1.1)
7 (7.4)
1 (1.1)

67 (70.5)
62 (65.3)
8 (8.4)
29 (30.5)
29 (30.5)
1 (1.1)
0
1 (1.1)

Grade 3
or higher
events

25 (26.3)
30 (31.6)
10 (10.5)
6 (6.3)

18 (19.0)
22 (23.2)
8 (8.4)
3 (3.2)

7 (7.3)
8 (8.4)
2 (2.1)
3 (3.2)

6 (6.3)
5 (5.3)
1 (1.1)
1 (1.1)

6 (6.3)
5 (5.3)
1 (1.1)
1 (1.1)

Treatment-related adverse reactions

11 (11.6)
9 (9.5)
2 (2.1)
0
0
0
7 (7.4)
0

The most common AEs after sorafenib treatment
observed in this study (Table 4) were hand-foot skin
reaction (82.1%), diarrhea (74.7%), alopecia (30.5%),
and fatigue (30.5%). Most of these adverse reactions
were grade 1/2. Grade 3/4 AEs occurred in 29 (30.9%)
patients, all of whom required sorafenib dose reductions
or interruption. The sorafenib dose was reduced to 400
mg once daily for grade 3 hand-foot skin reactions in
11 (11.6%) patients, grade 3/4 diarrhea in 9 (9.5%)
patients, and grade 3/4 hypertension in 2 (2.1%)
patients. There were 7 (7.4%) patients with interrupted
sorafenib for gastrointestinal hemorrhage. Common
AEs associated with TACE in the combination treatment
(Table 5) were liver dysfunction (31.6%), new ascites
(26.3%), and pleural effusion (10.5%). Most of these
AEs were well tolerated because they were grade 1/2
adverse reactions to TACE, suggesting that combination
therapy does not increase TACE-related adverse
reactions. No treatment-related deaths occurred in this
study.

Data shown are number of events. Percentages are in parentheses and
were calculated by using number of patients as denominator n (%).

and early disease control were identified as independent
prognostic factors for OS (Table 3).
Based on the above three factors, Kaplan-Meier
survival curves were analyzed (Figure 2a-c). The
median OS of patients who got sorafenib at the first
TACE (no previous TACE) was 14.9 mo (95%CI:
12.4-17.4 mo), which was significantly longer than
the 9.1 mo (95%CI: 7.8-10.3 mo) observed for
patients who had received previous TACE (Figure 2a)
(P < 0.001). The median OS of patients without PVTT
was 15.4 mo (95%CI: 11.9-19.1 mo), which was
significantly longer than the 8.9 mo (95%CI: 7.9-9.9
mo) observed for patients with PVTT (Figure 2b) (P <
0.001). The median OS of patients with early disease
control after combined therapy was 15.5 mo (95%CI:
13.7-17.3 mo), which was significantly longer than the
9.1 mo (95%CI: 7.9-10.2 mo) observed for patients
without early disease control after combined therapy
(Figure 2c) (P < 0.001).

DISCUSSION
In this retrospective study, we found that previous
TACE, PVTT, and mRECIST-evaluated disease control
(CR, PR, and SD) at the first follow-up assessment 4-6
wk after TACE-S were independent prognostic factors
for OS. To the best of our knowledge, this is the first
study to use the first follow-up assessment 4-6 wk
after TACE-S as the earliest observation time point to
predict survival in patients with advanced-stage HCC
treated with TACE-S therapy. In prior reports, Prajapati
[19]
[20]
et al
and Gillmore et al
demonstrated that
patients with mRECIST-evaluated objective responses
(CR and PR) at the first follow-up assessment after
TACE monotherapy had better survival. In our study,

OS in patients with different types of PVTT

The median OS of patients without PVTT was 15.4 mo
(95%CI: 11.9-19.1 mo), which was longer than the
4.3 mo (95%CI: 3.8-4.9 mo) observed for patients
with main PVTT (P < 0.001) and the 9.7 mo (95%CI:
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Grade 3 or
higher events

9.2-10.2 mo) observed for patients with branch PVTT (P
= 0.001). There were also significant differences in OS
between the patients with main PVTT and patients with
branch PVTT (P < 0.001) (Figure 2d).

Table 4 Adverse events related to sorafenib
All events Grade 1-2 events

Grade 1-2
events

Data shown are number of events. Percentages are in parentheses and
were calculated by using number of patients as denominator n (%).

HR: Hazard ratio; CI: Confidence interval; PVTT: Portal vein tumor
thrombus; TACE: Transarterial chemoembolization.

Adverse event

All events
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B

Previous TACE

100

No

P < 0.001

Yes

80

Survival probability (%)

Survival probability (%)

A

60
40
20

PVTT

100

No
Yes

80
60
40
20

0

0
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66
OS (mo)

Number at risk

Number at risk

Group: No
58 58 55 43 35 26 19 17 10 9 6 4 2 2 2 2

1 1 1 1 1 1 0

49 49 49 39 32 23 16 12 7 7

6 4 2 2 2 2 1 1 1 1 1

1 0

46 45 36 23 12 7 5 5 3 2

0 0 0 0 0 0 0 0 0 0 0 0 0

Group: Yes
37 36 30 19 9 4 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

D

Early disease control

100

No
Yes

80

P < 0.001

Survival probability (%)

Survival probability (%)

OS (mo)

Group: No

Group: Yes

C

P < 0.001

60
40
20

PVTT
No

100

P < 0.001

Main portal vein
Portal vein branch

80

P = 0.001

P < 0.001

60
40
20

0

0
0 3 6

0 3 6

9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66

Number at risk

1 0 0 0 0 0 0 0

49 49 49 39 32 23 16 12 7 7 6 4

0 0 0 0 0 0 0
1 1 1 1 1 1 0

2 2 2 2

1 1 1 1 1 1 0

Group: Yes

Group: Yes
52 52 51 39 33 25 17 15 9 9 6 4 2 2 2 2

OS (mo)

Group: No

Group: No
43 42 34 23 11 5 4 2

9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66

Number at risk

OS (mo)

10 9 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Group: Portal vein branch
36 36 34 23 12 7 5 5 3 2

0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 2 Kaplan-Meier curves of overall survival. A: Comparison of the survival between patients who had previous TACE (Yes group) and patients who had no
previous TACE (No group); B: Comparison of the survival between patients who had portal vein tumor thrombus (PVTT) (Yes group) and patients who had no PVTT
(No group); C: Comparison of the survival between patients who had early disease control (Yes group) and patients who had no early disease control (No group); D:
Comparison of the survival among patients with different types of PVTT: the absence of PVTT (No group), PVTT in the main portal vein (main portal vein group) and
PVTT in the portal vein branch (portal vein branch group).

we not only showed that mRECIST-evaluated responses
(CR and PR) at the first follow-up assessment were
associated with improved survival but also found
that patients with mRECIST-evaluated SD had better
survival from TACE-S therapy. These results imply
that TACE may induce extensive intrahepatic tumor
necrosis to reduce the tumor burden, whereas sorafenib
may improve local tumor control by blocking HCC cell
[29]
proliferation and/or inhibiting tumor angiogenesis ,
which may present as a tumor stabilizing agent that
delays tumor progression. Our study further proved
the results of sorafenib monotherapy in patients with
[9,10]
advanced-stage HCC
, and the survival benefit of
sorafenib came mainly from the prolonged disease
[30]
stabilization. Another study supported our results and
found a relationship between early tumor growth rate
(eTGR) and OS in HCC patients who received sorafenib.
eTGR was found to be an independent prognostic
factor for OS, and eTGR in patients receiving sorafenib
was significantly lower than that in patients receiving
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the placebo, indicating that sorafenib slowed tumor
progression. Tumor shrinkage and tumor stabilization
have similar OS outcomes. Our result further supported
that SD is an important indicator for improving survival
in patients with HCC who were treated with TACE-S.
[22]
Wang et al combined mRECIST with dermatologic
AEs to stratify prognosis in patients with unresectable
HCC receiving TACE-S. They found that the earliest time
at which mRECIST-evaluated objective responses (CR
and PR) and dermatologic responses correlated with
survival was 2 mo after TACE-S. Our results advanced
the evaluation time point forward to the first follow-up
assessment after TACE-S (median, 38 d; range: 33-45
d) and found that mRECIST-evaluated disease control
(CR, PR, and SD) could be used as an indicator of better
survival with TACE-S. Consequently, we believe that
patients with mRECIST-evaluated CR, PR, and SD at the
first follow-up assessment 4-6 wk after TACE-S should
be considered candidates for continued TACE-S.
Importantly, our study further confirmed that
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patients who underwent previous TACE treatment had
lower survival than those who received timely sorafenib
treatment 3-5 d after the first TACE. This result may be
attributed to the low DCR in patients who underwent
previous TACE. This low DCR indicated that the residual
tumor or tumor progression after TACE may be more
difficult to treat with TACE-S, possibly because TACEinduced residual tumor angiogenesis is difficultly
controlled by TACE-S or resistant to repeated TACE.
[31]
Arizumi et al
also noted that repeated TACE could
cause tumor resistance to chemotherapy drugs, thereby
increasing the risk of tumor recurrence and metastasis.
Therefore, we believe that sorafenib should be orally
administered early after the first TACE, which may lead
to a greater survival benefit.
PVTT has a profound adverse effect on prognosis,
resulting in a very short median survival time (2-4
[5,32]
mo)
. In our study, the classification of PVTT played
an important role in determining disease outcomes, and
those patients with main PVTT had worse survival than
those with branch PVTT. The results of this study are
[14]
consistent with our previous findings , which showed
that PVTT involving the main portal vein was the most
important prognostic factor for survival. For HCC
patients with main PVTT, the combination of TACE and
sorafenib is not recommended because the combined
therapy may exacerbate liver function damage in these
patients. However, for HCC patients with PVTT confined
to portal vein branches, TACE-S had acceptable side
effects and may improve OS.
Considering that the cause of death of HCC patients
with extrahepatic metastasis is mainly intrahepatic
HCC or hepatic failure, rather than extrahepatic
[33,34]
metastasis
, a local treatment modality such as
[14,33]
TACE is often performed at some centers
. Our
result showed that extrahepatic metastasis was not an
independent prognostic factor for worse survival. This
implied that the combination of delaying intrahepatic
tumor progression with TACE and targeting extrahepatic
metastasis with sorafenib might be benefit for survival,
although further trials are required to confirm this
finding. This study showed that TACE-S in patients with
HCC is safe and well tolerated, with the most common
drug-related AEs including hand-foot skin reaction,
diarrhea, alopecia, fatigue, and hypertension, which
were similar to those reported in previous studies
[9,10]
with sorafenib as monotherapy
and with sorafenib
[14]
in combination with TACE . Furthermore, patients
tolerated TACE well, which was similar to that observed
[15]
in a previous study , suggesting that the combination
therapy does not increase TACE-related adverse
reactions.
Our study had several limitations. First, this
study was a single-institution, retrospective study.
Therefore, the strength of our conclusions is limited
by the retrospective nature of the results. Second, the
population used in this study was heterogeneous with
regard to the frequency of patients with Child-Pugh
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B, previous TACE, and different PVTT classifications.
However, our population is similar to that of patients
who are treated in routine clinical practice. Third,
the evaluation of mRECIST may be biased because
of investigator-independent factors. However, every
evaluation was independently assessed by at least
two clinicians, and when there was a discrepancy, a
consensus was reached by a panel of clinicians to reduce
the error caused by the observers.
In conclusion, our study demonstrated that the
first follow-up 4-6 wk after TACE-S can be used as the
earliest time point at which the response to TACE-S
should be evaluated in patients with advanced-stage
HCC. Moreover, mRECIST-evaluated disease control (CR,
PR, and SD) was an independent predictor for OS at this
early time point and could be considered a valuable early
indicator for making subsequent therapeutic decisions
and predicting long-term survival. In addition, we found
that patients who received previous TACE and patients
with main PVTT had worse outcomes. Sorafenib should
be orally administered early after the first TACE. We do
not, however, recommend the combination of TACE and
sorafenib for patients with advanced HCC complicated
by main PVTT.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Recently, some studies recommended that the combination of transarterial
chemoembolization (TACE) and sorafenib (TACE-S) may be used as an
alternative for patients with advanced-stage HCC. However, it is still uncertain
which patients can obtain survival benefits from TACE-S treatment.

Research motivation

The aim of this study was to find some clinical biomarkers that can early predict
improved survival in patients with advanced-stage HCC treated with TACE-S
therapy, which will be beneficial to the choice of the patients who received
TACE-S therapy.

Research objectives

The objective of this study was to identify which clinical biomarkers that could
early predict improved survival in patients with advanced-stage HCC treated
with TACE-S. This may help us make decisions about subsequent therapies
and choose the timing of sorafenib treatment.

Research methods

A retrospective study was performed. The mRECIST-evaluated early disease
control (including complete response, partial response, and stable disease)
and multiple clinical variables at the first follow-up 4-6 wk after TACE-S were
analyzed to identify the factors affecting survival.

Research results

No previous TACE, the absence of portal vein tumor thrombus (PVTT), and
mRECIST-evaluated disease control at the first follow-up assessment 4-6
wk after TACE-S were independent prognostic factors for better survival.
The incidence and severity of adverse events are similar to that observed in
previous study.

Research conclusions

The first follow-up 4-6 wk after TACE-S can be used as the earliest time
point at which the response to TACE-S should be evaluated in patients with
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advanced-stage HCC. At this point, mRECIST-evaluated disease control could
be considered a valuable early indicator for making subsequent therapeutic
decisions and predicting long-term survival. In addition, patients who received
previous TACE or had main PVTT had worse outcomes.

14

Research perspectives

A further prospective study is needed to confirm mRECIST-evaluated disease
control at the first follow-up 4-6 wk after TACE-S as an early indicator for
predicting improved survival in patients with advanced-stage HCC treated with
TACE-S therapy.

15
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Abstract

Institutional review board statement: This study was reviewed
and approved by the Ethics Committee of the Institutional
Review Board at Nanfang Hospital, Southern Medical University.

AIM
To investigate the relationship between glucose me
tabolism and glypican-3 (GPC3) expression in he
patocellular carcinoma (HCC).

Informed consent statement: Due to the retrospective nature
of the study, patients were not required to give informed consent.

METHODS
Immunohistochemical staining of pathological samples
for GPC3 and glucose transporter 1 (GLUT1), and
18
whole-body F-FDG PET/CT for measuring tumour
glucose uptake were performed in 55 newly diagnosed
HCC patients. The maximum standard uptake value
(SUVmax) and tumour-to-non-tumourous liver uptake
18
(T/NT) ratio were used to quantify F-FDG uptake.
18
In vitro F-FDG uptake assay of GPC3-expressing
HepG2 and non-GPC3-expressing RH7777 cells
was used to examine the effect of GPC3 in cellular
glucose metabolism. The relationships between GPC3
18
expression and F-FDG uptake, GLUT1 expression,
tumour differentiation, and other clinical indicators were
analysed using Spearman rank correlation, univariate
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and multiple logistic regression analyses.

INTRODUCTION

RESULTS
Positive GPC3 expression was observed in 67.3% of
HCC patients, including 75.0% of those with well or
moderately differentiated HCC and 36.4% of those
with poorly differentiated HCC. There was an inverse
relationship between GPC3 expression and SUV max
(Spearman correlation coefficient = -0.281, P = 0.038)
and a positive relationship between GLUT1 expression
and SUVmax (Spearman correlation coefficient = 0.681,
P < 0.001) in patients with HCC. Univariate analysis
showed that two glucose metabolic parameters (SUVmax
and T/NT ratio), tumour differentiation, lymph node
metastasis, and TNM stage were all significantly
associated with GPC3 expression (P < 0.05), whereas
GLUT1 expression, sex, age, tumour size, intrahepatic
lesion number, and distant metastasis showed no
statistical association (P > 0.05). Further multivariate
analysis revealed that only the T/N ratio was
signiﬁcantly correlated with GPC3 expression in patients
with HCC (P < 0.05). In vitro assay revealed that the
18
uptake of F-FDG in GPC3-expressing HepG2 cells was
significantly lower than that of non-GPC3-expressing
RH7777 cells (t = -20.352, P < 0.001).

Hepatocellular carcinoma (HCC) is one of the most
common and fatal malignancies worldwide and is
especially prevalent in China. The outcome of patients
with HCC is poor, with a low five-year survival rate of
[1]
25%-39% . Surgical resection remains the standard
[2,3]
treatment for early stage HCC . Unfortunately, most
patients present with advanced stage HCC at diagnosis,
and there are few treatment options for them since
current systemic therapy often cannot effectively control
[1,2]
advanced stage HCC . Therefore, it is of utmost
importance to develop a technique that can accurately
diagnose early stage HCC as well as an effective
treatment that can control advanced stage HCC.
Glypican-3 (GPC3) is a member of the glypican
family of heparin sulfate proteoglycans (HSPGs). This
protein has been reported to be highly expressed in
HCC, but not in normal liver tissue, cirrhosis tissue, or
[4-6]
paracancerous tissue . GPC3 plays an important role
in regulating malignant transformation and promoting
the growth of HCC by stimulating the canonical Wnt
[7]
signalling pathway . Therefore, GPC3 is suggested
to be an important target for diagnosis and therapy.
Recently, positron emission tomography (PET) imaging
89
using a Zr-conjugated monoclonal antibody or a
F(ab′)2 fragment directed against GPC3 was shown to
successfully enable the non-invasive quantification and
[8-10]
visualization of tumour GPC3 expression in vivo
,
which has potential to be a specific probe for HCC
detection. In addition, GPC3-targeted therapies are
emerging as novel molecular treatments for HCC
[11-15]
patients
.
Malignant cells require accelerated glycolysis to
generate ATP, in order to meet their high energy
demands for cell proliferation and survival. Accelerated
glycolysis has been widely confirmed to be a common
biological phenomenon in malignant tumours by
positron emission tomography combined with computed
tomography (PET/CT) using 2-[fluorine-18]-fluoro-218
[16-18]
deoxy-D-glucose ( F-FDG), a glucose analogue
.
However, glucose metabolism varies greatly in HCC.
Low glucose metabolism was often observed in well[19,20]
and moderately differentiated HCC
. Previous
18
studies have revealed that low F-FDG uptake was
correlated with high FDG-6-phosphatase activity, low
expression of GLUT1 or GLUT2, and high expression
[21,22]
[23]
of P-glycoprotein
. However, Cho et al
found
that GPC3 may also be an important regulator for
glucose metabolism in HCC. They reported that GPC3
could bind to GLUT1 and decrease glucose uptake by
HCC cells. Nevertheless, this phenomenon has not yet
been confirmed in patients. Therefore, we performed
the present study to elucidate their relationship in
HCC patients. This work may contribute to a better
understanding of the biological role of GPC3 in HCC and
could be useful to predict the potential utility of GPC3

CONCLUSION
The present study demonstrated that GPC3 expression
is inversely associated with glucose metabolism,
suggesting that GPC3 may play a role in regulating
glucose metabolism in HCC.
Key words: Hepatocellular carcinoma; glypican-3;
18
F-FDG; Maximum standard uptake value; T/NT ratio;
Glucose metabolism; glucose transporter 1
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The present study demonstrated that
glypican-3 (GPC3) was positively expressed in 67.3%
of hepatocellular carcinoma (HCC) patients. GPC3
expression is found to be inversely associated with
the glucose metabolism of HCC tumours in the patient
study. Multivariate analysis revealed that only the
glucose metabolism was significantly correlated with
GPC3 expression (P < 0.05), but not GLUT1 expression,
tumour differentiation, or other clinical indicators (P <
0.05). Low glucose metabolism was also observed in
positive GPC3-expressing HepG2 cells in cellular uptake
assay. Therefore, we suggested that GPC3 may play a
role in regulating glucose metabolism in HCC.
Li YC, Yang CS, Zhou WL, Li HS, Han YJ, Wang QS, Wu
HB. Low glucose metabolism in hepatocellular carcinoma with
GPC3 expression. World J Gastroenterol 2018; 24(4): 494-503
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i4/494.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i4.494
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were reviewed by two experienced radiologists.

targeted imaging in the clinic.

Immunohistochemical analysis

MATERIALS AND METHODS

HCC tissue samples were acquired via biopsy or
surgical resection. Parafﬁn-embedded tissue sections
were deparafﬁnized with xylene and rehydrated in a
graded series of ethanol solutions. Antigen retrieval
was performed by heating the slides twice in 0.01
mol/L sodium citrate buffer, pH 6.0, in a microwave
oven (13 min, 850 W). Endogenous peroxidase was
then blocked with 0.3% H2O2 in methanol for 15 min
at room temperature. Immunohistochemical staining
was performed by incubating the slides with a mouse
anti-GPC3 antibody (sc-65443 1G12; Santa Cruz Inc.,
Santa Cruz, CA, United States) or rabbit anti-GLUT1
antibody (ZA-0471; ZSGB-BIO, China) at a dilution of
1:100 at 4 ℃ overnight. Serial sections were stained
with a horseradish peroxidase enzyme-labelled polymer
conjugated to anti-mouse/rabbit immunoglobulins,
according to the instructions of the Chemmate EnVision/
Mo&Rb Detection Kit (GK500705, Gene Tech Company
Limited, Shanghai, China).
The total GPC3 immunostaining score was calculated
based on the percent positivity of stained tumour cells
and the staining intensity. The percent positivity was
scored as 0 (< 5%), 1 (5%-10%), 2 (11%-50%), or
3 (> 50%). The staining intensity was scored as 0 (no
staining), 1 (weak staining), 2 (moderate staining), or
3 (strong staining). The percent positivity and staining
intensity were determined in a double-blinded manner.
The GPC3 expression score based on membrane and
cytoplasmic immunostaining was calculated as percent
positivity score × staining intensity score and ranged
from 0 to 9. The GPC3 expression level was deﬁned as -,
+
+
+
[26]
0; 1 , 1-2; 2 , 3-5; or 3 , 6-9 .
Glucose transporter-1 expression in tumour cells
was evaluated using a semiquantitative scoring me
thod: score 0 = absence of immunostaining; score 1
= 1%-10% of cells stained; score 2 = 10%-50% of
cells stained; and score 3 = > 50% of cells stained.
No account was taken for the intensity of staining and
[27]
necrotic areas were excluded from the evaluation .
An immunoreactive score above 2 was defined as high
GLUT1 expression, while a score of 0 or 1 was defined
as low expression.

Patients

This study included 55 patients (46 males, 9 females;
mean age: 52.9 years [range: 18-78 years]) with
18
newly diagnosed HCC who underwent F-FDG PET/
CT for staging before local hepatectomy or biopsy at
Nanfang Hospital from August 2013 to October 2017.
The inclusion criteria were as follows: (1) final diagnosis
of HCC established by pathologic examination; (2) no
adjuvant therapy administered before the PET/CT scans;
and (3) available GPC3 and GLUT1 immunohistochemical
staining. A total of 55 patients met the criteria and were
enrolled in this study.
18

F-FDG PET/CT scans

18

F-FDG PET/CT scans were performed using a Biograph
mCTx scanner (Siemens, Germany). The patients
were instructed to fast for at least 6 h, and their blood
glucose levels were monitored with a glucometer prior
18
to F-FDG injection. All the patients had blood glucose
18
levels below 7.0 mmol/L. F-FDG was manufactured
using a tracer synthesis system (TRACERlab FXFDG;
GE Healthcare, United States) and had a > 95%
radiochemical purity. Approximately 60 min after
the intravenous injection of 318-524 MBq (8.6-14.2
18
mCi, 150 μCi/kg) F-FDG, whole-body PET/CT was
performed at our centre according to established
[24]
protocols .

Image interpretation

The acquired PET and CT images were registered and
analysed using the syngo MI workplace (Siemens,
Germany). All the PET/CT images were independently
read by two nuclear medicine physicians with over
five years of experience. Both physicians were blinded
to the findings of other imaging modalities and the
GPC3 expression data. For visual analysis, tumours
18
with higher F-FDG uptake than that of non-tumour
liver tissue were considered PET positive. For the semiquantitative analysis, a region of interest (ROI) was
drawn along the margin of the HCC lesion to measure
the SUVmax, which was used to quantify glucose
metabolism. We also calculated the tumour-to-nontumourous liver uptake (T/NT) ratio by dividing the
tumour SUVmax by the SUVmean of the non-tumourous
liver tissue, which was measured by automated
computation of the average SUVmean of three 1-cm ROIs
in non-tumourous liver tissue, two in the right lobe
and one in the left lobe, using the syngo MI workplace
[25]
(Siemens, Germany) . For lesions without obvious
18
F-FDG uptake, the ROI was drawn on CT images and
copied to the corresponding region on the PET images
in order to measure the SUVmax and T/NT ratio. Noncontrast-enhanced CT images obtained from PET/CT

WJG|www.wjgnet.com

In vitro assay of cellular glucose metabolism

In vitro assay was performed to evaluate the effect of
GPC3 expression on the cellular glucose metabolism.
GPC3-expressing HepG2 and non-GPC3-expressing
[8,10]
RH7777 cells
were seeded into 12-well plates at a
5
density of 5 × 10 cells per well for overnight incubation.
Cells were rinsed three times with phosphate buffered
18
saline (PBS), followed by the addition of F-FDG
(111 kBq/well) to the cultured wells in quadruplicate.
After incubation at 37 ℃ for 60 min, cells were rinsed
three times with PBS and lysed with NaOH sodium
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expression, and glucose metabolism. Univariate and
multiple logistic regression analyses were used to
analyse the association between GPC3 expression and
18
F-FDG uptake, GLUT1, histopathological diagnosis,
and other clinical parameters. A P-value < 0.05
indicated statistical significance.

Table 1 Univariate analysis of the variables related to GPC3
expression in hepatocellular carcinoma n (%)
Variable

GPC3 expression
Negative
Positive

Gender
Male
Female
Age (yr)
< 50
≥ 50
Tumour differentiation
Well or moderate
Poor
Tumour size (cm)
<5
≥5
18
F-FDG
Positive
Negative
Intrahepatic lesion number
Solitary
Multiple
Lymph node metastasis
Positive
Negative
Distant metastasis
Positive
Negative
TNM stage
Ⅰ-Ⅱ
Ⅲ-Ⅳ
Serum AFP (μg/L)
< 20
≥ 20
HBV infection
Positive
Negative
Liver cirrhosis
Positive
Negative
GLUT1
High
Low
SUVmax
T/N ratio

13 (28.3)
5 (55.6)

33 (71.7)
4 (44.4)

7 (31.8)
11 (33.3)

15 (68.2)
22 (66.7)

11 (25.0)
7 (63.6)

33 (75.0)
4 (36.4)

3 (17.6)
15 (39.5)

14 (82.4)
23 (60.5)

15 (40.5)
3 (16.7)

22 (59.5)
15 (83.3)

11 (29.7)
7 (38.9)

26 (70.3)
11 (61.1)

7 (63.7)
11 (25.0)

4 (36.4)
33 (75.0)

5 (50.0)
13 (28.9)

5(50.0)
32(71.1)

7 (21.2)
11 (50.0)

26 (78.8)
11 (50.0)

11 (44.0)
7 (23.3)

14 (56.0)
23 (76.7)

13 (28.9)
5 (50.0)

32 (71.1)
5 (50.0)

10 (29.4)
8 (38.1)

24 (70.6)
13 (61.9)

6 (54.5)
12 (27.3)
9.56 ± 5.95
4.52 ± 2.92

5 (45.5)
32 (72.7)
6.01 ± 3.55
2.62 ± 1.55

χ 2 or t P value
1.458

0.227

0.014

0.907

4.341

0.037

2.542

0.111

3.135

0.77

0.461

0.497

4.341

0.037

0.836

0.361

4.969

0.026

2.645

0.104

0.836

0.361

0.445

0.505

RESULTS
Patient characteristics

Of the 55 included patients, 44 (80.0%) were diagnosed
with well or moderately differentiated HCC, and 11
(20.0%) were diagnosed with poorly differentiated
HCC. Immunohistochemical analysis showed that the
expression of GPC3 was positive in 67.3% (37/55) of
patients, including 75.0% (33/44) of those with well
or moderately differentiated HCC and 36.4% (4/11)
of those with poorly differentiated HCC patients. The
+
GPC3 expression score was 3 in 34.5% (19/55) of the
+
+
patients, 2 in 14.5% (8/55), 1 in 18.2% (10/55), and
0 in 32.7% (18/55). Twenty percent (11/55) of tumours
had high GLUT1 expression and 80% (44/55) tumours
had low GLUT1 expression. Multiple intrahepatic lesions
were found in 18 (32.7%) patients, and solitary lesions
were observed in 37 (67.3%) patients. Most intrahepatic
lesions (69.1%) were larger than 5 cm in diameter. The
disease was categorized into TNM stage I in 29 patients,
TNM stage Ⅱ in 4, TNM stage Ⅲ in 6, and TNM stage
IV in 16. Other related clinical information is shown in
Table 1.

Association of 18F-FDG uptake with GPC3 expression,
GLUT1 expression, and tumour differentiation
18

1.863

0.172

2.341
2.597

0.028
0.017

HCC lesions were noted to be positive for F-FDG PET/
CT in 37 (67.3%) patients and negative in 18 (32.7%)
patients by the visual analysis. The SUVmax for primary
tumours ranged from 2.07 to 18.60 (7.17 ± 4.73) and
the T/NT ratio ranged from 0.86 to 10.0 (3.24 ± 2.26).
18
In the lesions with negative F-FDG uptake, GPC3
expression was positive in 15/18 (83.3%) patients.
18
Combining F-FDG uptake with GPC3 expression, the
total positivity reached 94.5% (52/55).
There was an inverse relationship between GPC3
18
expression and F-FDG uptake (SUVmax: Spearman
correlation coefficient = -0.281, P = 0.038; T/NT ratio:
Spearman correlation coefficient = -0.303, P = 0.025),
18
and F-FDG uptake in HCC lesions with GPC3 positivity
was significantly lower than that of lesions with GPC3
negativity (SUVmax: 6.01 ± 3.55 vs 9.56 ± 5.95, t =
-2.341, P = 0.028; T/NT ratio: 2.62 ± 1.55 vs 4.52 ±
2.92, t = -2.597, P = 0.017) (Figure 1A and B, Figure
2). On the contrary, a positive association was found
18
between GLUT1 expression and F-FDG uptake (SUVmax:
Spearman correlation coefficient = 0.681, P < 0.001;
T/NT ratio: Spearman correlation coefficient = 0.616, P
18
< 0.001). F-FDG uptake in the high GLUT1 expression
group was significantly higher than that in the low
GLUT1 expression group (SUVmax: 13.58 ± 3.44 vs

GPC3: Glypican-3; GLUT1: Glucose transporter 1; SUV: Standard uptake
value.

dodecyl sulfate (SDS) (0.2 mol/L NaOH, 1% SDS).
The cell lysate was collected and the cell-associated
radioactivity was then measured using a gamma
counter (GC-1200, USTC Chuangxin Co. Ltd. Zonkia
Branch, China). The cell uptake was normalized with
inputted radioactivity. Experiments were conducted in
[28]
quadruplicate .

Statistical analysis

All statistical analyses were performed using SPSS
version 20.0. Differences in glucose metabolic
parameters (SUVmax, T/NT ratio) between groups were
compared using the t-test (unpaired). GPC3 positive
2
rates were compared using the crosstabs χ test.
Spearman rank correlation was used to determine
the association between GPC3 expression, GLUT1
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P = 0.028
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P = 0.017
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T/N ratio

15.00
SUVmax

10.00
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6.00
4.00

5.00

2.00

0.00

0.00
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GPC3 Expression
20.00

D

P = 0.000
6
12

15.00
SUVmax

GPC3 Expression

38
37

10.00

10.00

P = 0.000

8.00
T/N ratio

C

Negative

*

6.00

31
43
27
25

4.00
5.00

2.00

0.00

0.00
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E
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F-FDG uptake (%)

1.2

Low
GLUT1 Expression

GLUT1 Expression

P = 0.000

1.0
0.8
0.6
0.4
0.2
0.0

HepG2

RH7777

Figure 1 The relationship of18F-FDG uptake with GPC3 and GLUT1 expression, and the cellular 18F-FDG uptake assay. A and B: 18F-FDG uptake in
hepatocellular carcinoma (HCC) lesions with positive and negative GPC3 expression. (A) SUVmax: 6.01 ± 3.55 vs 9.56 ± 5.95, t = -2.341, P = 0.028; (B) T/NT ratio: 2.62
± 1.55 vs 4.52 ± 2.92, t = -2.597, P = 0.017. C and D: 18F-FDG uptake in HCC lesions with high and low expression of GLUT1. (C) SUVmax: 13.58 ± 3.44 vs 5.57 ± 3.49,
t = 6.898, P < 0.001; (D) T/NT ratio: 6.38 ± 1.91 vs 2.46 ± 1.55, t = 6.307, P < 0.001). E: 18F-FDG uptake in GPC3-expressing HepG2 cells and non-GPC3-expressing
RH7777 cells (0.37% ± 0.05% vs 1.03% ± 0.04% of inputted radioactivity, t = -20.352, P < 0.001).

ratio between different degrees of tumour differentiation.
Poorly differentiated HCC had a significantly higher
SUVmax and T/NT ratio than well- or moderately
differentiated HCC (SUVmax: 10.96 ± 6.08 vs 6.22 ± 3.86,
t = 2.465, P = 0.030; T/NT ratio: 5.16 ± 3.06 vs 2.76 ±
1.74, t = 2.499, P = 0.028, respectively).

5.57 ± 3.49, t = 6.898, P < 0.001; T/NT ratio: 6.38 ±
1.91 vs 2.46 ± 1.55, t = 6.307, P < 0.001) (Figure 1C
and D). We then investigated the relationship between
GPC3 and GLUT1 expression. Low GLUT1 expression
was found in 86.5% of GPC3-positive tumours and
in 66.7% of GPC3-negative tumours, respectively.
Although there was an inverse trend of relationship
between GPC3 and GLUT1 expression, it did not
reach statistical significance (Spearman correlation
coefficient = -0.232, P = 0.088).
There were significant differences in SUVmax and T/NT
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Univariate and multivariate analyses of the relationship
of 18F-FDG uptake, tumour differentiation, and other
factors with GPC3 expression

SUVmax, T/NT ratio, tumour differentiation, and other
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Figure 2 A 60-year-old woman with moderately differentiated hepatocellular carcinoma positive for GPC3 expression (A-E) and a 38-year-old man with
poorly differentiated HCC negative for GPC3 (G-J). A-C: 18F-FDG PET/CT showed slight 18F-FDG uptake (SUVmax = 3.4, T/NT = 1.54) in the tumour (black
arrow in A, white arrows in B and C). D: Moderately differentiated hepatocellular carcinoma (HCC) was diagnosed by pathological examination using HE staining.
E: Immunohistochemical analysis revealed positive expression of GPC3. F: Immunohistochemical analysis revealed low expression of GLUT1 in tumour tissue.
G-I: 18F-FDG PET/CT scans showed intense accumulation of 18F-FDG (SUVmax = 16.5, T/NT = 7.03) in the tumour (black arrow in G, white arrows in H and I). J:
Poorly differentiated HCC was confirmed by pathological examination using HE staining. K: Immunohistochemical analysis revealed that the tumour was negative
for GPC3 expression. L: Immunohistochemical analysis revealed high GLUT1 expression in tumour tissue.

clinical factors were analysed for their relationship with
GPC3 expression. Univariate analysis showed that
two glucose metabolic parameters (SUVmax and T/NT
ratio), tumour differentiation, lymph node metastasis,
and TNM stage were all significantly associated with
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GPC3 positivity in HCC patients (P < 0.05) (Table 1).
18
Low F-FDG uptake was observed in GPC3-positive
HCCs. Well- or moderately differentiated HCCs also
showed a significantly higher GPC3 positive rate
than poorly differentiated HCC tumours (75.0% vs
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2

36.4%, χ = 4.341, P = 0.037). Similar trends were
observed for lymph node metastasis and TNM stage.
Higher GPC3 positivity rates were found in patients
with no lymph node metastasis and those with TNM
stage Ⅰ-Ⅱ disease, than in patients with lymph node
metastasis and TNM stage Ⅲ-Ⅳ disease, respectively
2
(75.0% vs 36.4%, χ = 4.341, P = 0.037 for lymph
2
node status ; 78.8% vs 50.0%, χ = 4.969, P = 0.026
for TNM stage). Other clinical factors, such as GLUT1
18
expression, sex, age, tumour size, F-FDG positivity,
intrahepatic lesion number, distant metastasis, HBV
infection, and liver cirrhosis, were not significantly
related to GPC3 expression (P > 0.05) (Table 1).
The five factors (two glucose metabolic parameters,
tumour differentiation, lymph node metastasis, and
TNM stage) that showed a significant relationship
with GPC3 expression on univariate analysis were
further analysed using multivariate analysis. The
multivariate analysis demonstrated that only T/N ratio
was signiﬁcantly correlated with GPC3 expression in
patients with HCC (P = 0.007, OR = 1.479, 95.0%CI:
1.113-1.964), while SUVmax, tumour differentiation,
lymph node metastasis, and TNM stage had no
significant association (P > 0.05).

the specific energy metabolism patterns of low grade
HCC. In the present study, we found that SUVmax was
actually lower in well- or moderately differentiated HCC
than in poorly differentiated HCC, which consolidated
[34-36]
18
the above views
. Low F-FDG uptake has also
been found to correlate with low expression of GLUT1
[21,22]
or GLUT2 and high expression of P-glycoprotein
.
Our study confirmed the above findings that low GLUT1
expressing tumours actually had a significantly low
18
F-FDG uptake than that of high GLUT1 expressing
tumours (P < 0.001).
In the present study, for the first time, we found the
phenomenon that low glucose metabolism also occurred
in the HCCs with positive GPC3 expression, not only in
the patient study, but also in the in vitro cellular uptake
assay. In the patient study, an inverse association was
18
noted between GPC3 expression and F-FDG uptake
18
(P < 0.05). F-FDG uptake in HCC lesions with GPC3
positivity was significantly lower than that of lesions
with GPC3 negativity (SUVmax: 6.01 ± 3.55 vs 9.56 ±
5.95, t = -2.341, P = 0.028; T/NT ratio: 2.62 ± 1.55
vs 4.52 ± 2.92, t = -2.597, P = 0.017). Furthermore,
multivariate analysis revealed that only the glucose
metabolism was significantly correlated with GPC3
expression (P < 0.05), but not other clinical factors.
In vitro cellular uptake assay also revealed that GPC318
expressing HepG2 cells had a low F-FDG uptake than
non-GPC3-expressing RH7777 cells (0.37 ± 0.05% vs
1.03 ± 0.04% of inputted radioactivity, t = -20.352, P
< 0.001). Consistent with these findings, we observed
that GPC3 expression was highly expressed in well- or
moderately differentiated HCCs, which always have low
18
[34-36]
F-FDG uptake
. Therefore, our study implied that
GPC3 may be another underlying factor that contributes
18
to the complex F-FDG uptake characteristics in HCCs.
[23]
Cho et al
reported that GPC3 could bind to GLUT1
with an equilibrium dissociation constant (Kd) of 1.61
nmol/L and decrease glucose uptake by HCC cells,
which might be helpful to explain this phenomenon.
However, in the present study, low GLUT1 expression
was found in most (86.5%) of GPC3-positive tumours.
In addition, although an inverse trend of relationship
was observed between GPC3 and GLUT1 expression,
their association did not reach statistical significance
(Spearman correlation coefficient = -0.232, P = 0.088).
Therefore, the present study had no enough evidence
to identify that GPC3 inversely regulates the glucose
via GLUT1 and further basic research is warranted to
uncover the mechanism.
Both SUVmax and T/NT ratio can be used to quantify
18
F-FDG uptake in tumours, however, in the present
study, multivariate analysis revealed that only the T/NT
ratio was significantly correlated with GPC3 expression
(P < 0.05), but not the SUVmax (P > 0.05). A rational
explanation for this result is that T/NT ratio can be more
18
accurate to define F-FDG uptake in HCC since it is not
influenced by serum glucose level, the uptake period,
or measurement variation, which often make the

Effect of GPC3 expression on cellular uptake of 18F-FDG

To evaluate the effect of GPC3 expression on the
glucose metabolism, GPC3-expressing HepG2 cells and
non-GPC3-expressing RH7777 cells were incubated
18
with F-FDG for 60 min and the cellular uptake was
measured. The results revealed that HepG2 cells
18
had a significantly lower F-FDG uptake than that of
RH7777 cells (0.37% ± 0.05 % vs 1.03% ± 0.04% of
inputted radioactivity, t = -20.352, P < 0.001) (Figure
1e), which is consistent with the findings in the patient
study.

DISCUSSION
18

F-FDG PET/CT has often been used to non-invasively
evaluate tumour glycolysis in vivo by measuring
18
[29-33]
the uptake of F-FDG, a glucose analogue
.
This radiotracer is transported into cells via glucose
transporters (GLUTs) and is then phosphorylated to
18
F-FDG-6-phosphate by the rate-limiting glycolytic
18
enzyme hexokinase type 2. F-FDG-6-phosphate
[29-33]
18
then becomes trapped within cells
. High F-FDG
uptake is indicative of accelerated glycolysis. Although
18
F-FDG is consistently taken up intensively by a variety
18
of cancers, F-FDG accumulation in HCCs appears
18
to be variable. It is well established that F-FDG
uptake by well and moderately differentiated HCCs is
18
low, whereas F-FDG uptake by poorly differentiated
[34-36]
11
HCC is high
. On the contrary, C-acetate and
11
C-choline, which are probes for lipid metabolism, have
been reported to be intensively taken up by well- and
[37,38]
moderately differentiated HCCs
, indicating that
low glucose metabolism and high lipid metabolism are
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by immunohistochemical analysis. In vitro cellular 18F-FDG uptake was also
measured in GPC3-expressing HepG2 and non-GPC3-expressing RH7777
cells to determine the effect of GPC3 on glucose metabolism. The relationships
between GPC3 expression and 18F-FDG uptake, GLUT1 expression, tumour
differentiation, and other clinical indicators were analysed using spearman rank
correlation, and univariate and multiple logistic regression analyses.

[25]

measurement of SUVmax inaccurate .
GPC3 is currently under consideration as a po
[11-15]
tential molecular therapeutic target for HCC
.
GPC3-targeted treatments that utilize siRNA or antiGPC3 antibodies have shown potential in altering cell
migration, metastasis, and invasion, and in inhibiting
[13,15,39,40]
xenograft tumour growth
. A GPC3-derived
peptide vaccine has also been tested in a phase Ⅱ study
[41]
as an adjuvant therapy for HCC . GPC3-targeted PET
imaging might be useful for the non-invasive analysis
of GPC3 expression in HCC patients and for selecting
those suitable for GPC3-targeted therapy. The present
study also indicated that GPC3-targeted PET imaging
might be helpful for detection of early stage HCC,
18
which often presents with a low uptake of F-FDG and
appears as well- and moderately differentiated HCC in
pathology tests. In the present study, we demonstrated
that GPC3 expression was positive in most (75.0%) of
the well- or moderately differentiated HCC tumours.
18
More importantly, in the lesions with negative F-FDG
uptake, GPC3 expression was positive in 15/18 (83.3%)
18
patients. Combining F-FDG uptake with GPC3
expression, the total positivity reached 94.5% (52/55).
Therefore, we propose that GPC3-targeted PET imaging
may improve diagnostic sensitivity for early stage HCC
18
and can serve as an effective complement to F-FDG
imaging for diagnosing HCC.
There are some limitations to the present study.
First, the sample size of patients was small, especially
the number of poorly differentiated HCC patients, which
may cause the results of this study to fail to reflect the
real correlation between GPC3 and glucose metabolism.
Second, this was a retrospective study, and thus, there
may have been a certain degree of bias.

Research results

In the present study, we found a phenomenon that the glucose metabolism
in the GPC3-expressing HCC tumours is low in the patient study. 18F-FDG
uptake in HCC lesions with GPC3 positivity was significantly lower than that of
lesions with GPC3 negativity (SUVmax: 6.01 ± 3.55 vs 9.56 ± 5.95, t = -2.341,
P = 0.028; T/NT ratio: 2.62 ± 1.55 vs 4.52 ± 2.92, t = -2.597, P = 0.017).
Furthermore, multivariate analysis revealed that only the glucose metabolism
was significantly correlated with GPC3 expression (P < 0.05), but not other
clinical factors. In in vitro cellular uptake experiments, GPC3-expressing
HepG2 cells were also found to have low 18F-FDG uptake than that of nonGPC3-expressing RH7777 cells (0.37% ± 0.05% vs 1.03% ± 0.04% of inputted
radioactivity, t = -20.352, P < 0.001). Although an inverse trend of relationship
was observed between GPC3 and GLUT1 expression, their association did not
reach statistical significance (Spearman correlation coefficient = -0.232, P =
0.088).

Research conclusions

GPC3 was reported to play an important role in regulating malignant
transformation and promoting the growth of HCC by stimulating the canonical
Wnt signalling pathway. Besides, glucose is very important for malignant cell
survival and proliferation. Both of them are very important for tumour growth.
Therefore, we suggested that there might be a correlation between GPC3 and
tumour glucose metabolism. We used 18F-FDG PET/CT for non-invasively
measuring tumour glucose uptake in vivo in HCC patients and 18F-FDG
uptake assay to measure the cellular glucose metabolism. In conclusion, the
expression of GPC3 was observed to be positive in 67.3% (37/55) of HCC
patients. The patient study and in vitro cellular uptake assay demonstrated that
the glucose metabolism is inversely correlated with the expression of GPC3
in HCC. These results implied that GPC3 may be another underlying factor
that contributes to the complex 18F-FDG uptake characteristics in HCCs. We
believe that it is helpful for clarifying the mechanism of anti-GPC3 treatment
by uncovering how GPC3 regulates the glucose metabolism in HCC. In
addition, we found that GPC3 expression was positive in 15/18 (83.3%) of the
lesions with negative 18F-FDG uptake. Combining 18F-FDG uptake with GPC3
expression, the total positivity reached 94.5% (52/55). Therefore, we propose
that GPC3-targeted PET imaging may improve diagnostic sensitivity for early
stage HCC and can serve as an effective complement to 18F-FDG imaging for
diagnosing HCC.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Glypican-3 (GPC3) is a cell surface proteoglycan overexpressed in most
hepatocellular carcinomas (HCCs), but not in normal liver tissue, cirrhosis
tissue, or paracancerous tissue. Therefore, GPC3 is suggested to be an
important target for diagnosis and therapy. Elucidating the relationship
between GPC3 expression and glucose metabolism may contribute to a better
understanding of the biological role of GPC3 in regulating glucose metabolism.
In addition, the research also could be useful to predict the potential utility of
GPC3-targeted imaging in the clinic.

Research perspectives

For the future research, we want to investigate the mechanism concerning how
GPC3 regulates the glucose and lipid metabolism in HCC. In the previous study,
we found 11C-choline, as a probe of lipid metabolism, could be highly taken up
by well- and moderately differentiated HCC. So, we deduce that GPC3 may
have a potential to promote the lipid metabolism in HCC, which may conversely
reduce the glucose metabolism. We want to do further basic research confirm
this hypothesis.

Research motivation

In this study, we investigated the relationship between GPC3 expression and
glucose metabolism in HCC with an aim to uncover how GPC3 regulates the
glucose metabolism in HCCs and predict the potential utility of GPC3-targeted
imaging in the clinic.
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Research objectives

This study aimed to investigate the relationship between glucose metabolism
and GPC3 expression in HCC.

Research methods

A retrospective analysis was performed on 55 HCC patients who had
undergone 18F-FDG PET/CT before therapy. Tumour SUVmax and T/N ratio were
used to quantify 18F-FDG uptake. The relationship between 18F-FDG uptake
and expression of GPC3 and glucose transporter 1 (GLUT1) was analyzed
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Abstract
AIM
To evaluate the safety and feasibility of enhanced
recovery after surgery (ERAS) for total laparoscopic
uncut Roux-en-Y gastrojejunostomy after distal
gastrectomy.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrolment.
Conflict-of-interest statement: We declare that there are no
conflicts of interest to disclose.

METHODS
The clinical data of 42 patients who were divided into
an ERAS group (n = 20) and a control group (n = 22)
were collected. The observed indicators included ope
ration conditions, postoperative clinical indexes, and
postoperative serum stress indexes. Measurement data
following a normal distribution are presented as mean
± SD and were analyzed by t -test. Count data were
2
analyzed by χ test.

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
The operative time, volume of intraoperative blood
loss, and number of patients with conversion to open
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[4]

surgery were not significantly different between the
two groups. Postoperative clinical indexes, including
the time to initial anal exhaust, time to initial liquid
diet intake, time to out-of-bed activity, and duration of
hospital stay of patients without complications, were
significantly different between the two groups (t =
2.045, 8.685, 2.580, and 4.650, respectively, P < 0.05
for all). However, the time to initial defecation, time
to abdominal drainage-tube removal, and the early
postoperative complications were not significantly
different between the two groups. Regarding posto
perative complications, on the first and third days after
the operation, the white blood cell count (WBC) and C
reactive protein (CRP) and interleukin-6 (IL-6) levels in
the ERAS group were significantly lower than those in
the control group.

[5,6]

America for herniorrhaphy , gastrointestinal surgery ,
[7]
gynecologic operations , and other applications. The
ERAS concept emphasizes the reduction of postoperative
stress and trauma to the patient due to the surgery
during the perioperative period, thereby promoting the
[8]
rehabilitation of patients .
The uncut Roux-en-Y gastrojejunostomy closure of
the proximal jejunum without interruption is based on
Billroth Ⅱ + Braun anastomosis. It was first reported by
[9]
[10]
Van Stiegmann et al in 1988. Then, Uyama et al , in
[11]
2005, and Ahn et al , in 2014, reported laparoscopicassisted and single-incision laparoscopic non-interrupted
Roux-en-Y anastomoses. The incidence of Roux stasis
syndrome (RSS) is 10%-30% after traditional Roux[12,13]
en-Y anastomosis
. The advantages of the uncut
Roux-en-Y gastrojejunostomy during digestive tract
reconstruction include a reduction of the steps involved
in freeing the jejunum during the operation, reduced
mesangial damage and interference, retention of
nerves and normal pacemakers, and significantly
reduced occurrence of RSS. Thus, for obese patients or
those with short-term mesothelioma, the procedure is
[14,15]
particularly applicable
.
This study evaluated the safety and feasibility of
ERAS in the uncut operation.

CONCLUSION
The perioperative ERAS program for total laparoscopic
uncut Roux-en-Y gastrojejunostomy after distal
gastrectomy is safe and effective and should be
popularized. Additionally, this program can also reduce
the duration of hospital stay and improve the degree of
comfort and satisfaction of patients.
Key words: Distal gastrectomy; Enhanced recovery
after surgery; Perioperative period; Uncut Roux-en-Y
gastrojejunostomy

MATERIALS AND METHODS

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

This study was approved by the Ethics Committee of
the Second Hospital of Shandong University. Patients
or their families signed informed consent forms.

Core tip: For gastric cancer, uncut Roux-en-Y gastro
jejunostomy after distal gastrectomy is still the most
important treatment. However, the enhanced recovery
after surgery (ERAS) protocol for the safety of gastric
surgery is not clear. Therefore, we conducted a longterm follow-up and observation with a large sample.
Our study demonstrated that the use of the perio
perative ERAS program for total laparoscopic uncut
Roux-en-Y gastrojejunostomy after distal gastrectomy
is safe and effective and should be popularized.

Participants

A total of 42 consecutive patients undergoing total
laparoscopic uncut Roux-en-Y gastrojejunostomy after
distal gastrectomy (uncut operation) from July 2015 to
November 2016 at the Second Hospital of Shandong
University in China were included in this study. The
data were analyzed in a retrospective cohort study.
The patients were randomly divided into an ERAS
group and a control group. No significant difference
was found between the two groups in sex, age, body
mass index, or operation method (Table 1) (P >
0.05). Throughout the study period, the same group
of surgeons treated all patients and were responsible
for all procedures, including the surgical techniques as
well as the choice of surgical instruments.

Zang YF, Li FZ, Ji ZP, Ding YL. Application value of enhanced
recovery after surgery for total laparoscopic uncut Rouxen-Y gastrojejunostomy after distal gastrectomy. World J
Gastroenterol 2018; 24(4): 504-510 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i4/504.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i4.504

Inclusion and exclusion criteria

The inclusion criteria were: (1) Age ≥ 18 yr old; (2)
Patients who preferred to undergo uncut surgery; (3)
Gastrointestinal biopsy and CT examination confirmed
gastric malignant tumors before the operation. The
clinical stage was assessed by CT examination and
th
found to be T1-3N1-3M0 (7 edition of the UICC-AJCC
TNM classification of gastric cancer); and (4) No
significant swollen fusion of metastatic lymph nodes

INTRODUCTION
Enhanced recovery after surgery (ERAS) is a concept
promoted by some countries in Europe and America in
[1,2]
recent years . It can shorten the hospitalization time
[3]
and improve the recovery rate after surgery . This
concept has been used by surgical centers in Europe and
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Table 1 Clinical information of the patients
Clinical information
Age (yr, mean ± SD)
Sex (male/female)
Body mass index, (kg/m2, mean ± SD)

ERAS group (n = 20)

Control group (n = 22)

Statistics

P value

71.5 ± 8.1
14/6
23.6 ± 3.4

72.9 ± 6.7
17/5
22.8 ± 4.6

χ 2 = 0.287

t = 0.613

> 0.05
> 0.05
> 0.05

t = 0.636

ERAS: Enhanced recovery after surgery.

A

B

C

D

Figure 1 Series of perioperative treatment. A: Gastrojejunostomy; B: Braun anastomosis; C: Uncut reconstruction; D: Schematic diagram of the uncut
reconstruction.

was present. The exclusion criteria were: (1) Patients
who refused to participate in the study; (2) Patients
who had serious underlying diseases; (3) Patients
with distant metastases or unresectable tumors; (4)
Patients who had serious complications and could not
continue to undergo the ERAS procedure; (5) Patients
who had a history of other major abdominal surgeries;
and (6) Patients who underwent neoadjuvant therapy
before surgery.

of Treitz and the residual stomach (Figure 1A).
Approximately 10 cm to 30 cm distal to the ligament
of Treitz, a side-to-side jejunojejunostomy via a Braun
anastomosis was performed to divert the duodenal
fluid (Figure 1B). The jejunal occlusion site (uncut
reconstruction) was approximately 3 cm from the
jejunum (Figure 1C). A schematic diagram of the uncut
reconstruction is shown in Figure 1D.

Perioperative treatment program

Observation indicators included: (1) Operation con
ditions, including operative time, blood loss, and
conversion to open surgery; (2) Postoperative clinical
indexes, including time to initial anal exhaust, time to
initial liquid diet intake, time to out-of-bed activity, time
to initial defecation, time to abdominal drainage tube
removal, duration of hospital stay of patients without
complications, early postoperative complications, and
visual analogue scale scores on the first and third days
after the operation; and (3) Postoperative serum stress

Observation indexes

Patients in the ERAS group underwent a series of
perioperative treatment regimens. The control group
underwent a conventional perioperative treatment
protocol (Table 2). After routine resection of the D2
group lymph nodes, the duodenum was cut 2 cm
from the pylorus, and the stomach was cut 5 cm from
the upper edge of the tumor. Then, a side-to-side
gastrojejunostomy was performed on the jejunum,
which was approximately 20 cm from the ligament
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Table 2 Perioperative treatment program
Perioperative treatment program
Preoperative
Preparation

Diet

Bowel preparation
Intraoperative
Nasogastric tube
Body temperature
Urinary catheter
Postoperative
Anesthesia and analgesics
Diet

Activity

ERAS Group

Control group

ERAS-related health education to alleviate tension in
Regular preoperative education and
patients performed by both surgeons and anesthesiologists.
preoperative conversation only with
The definition of the visual analog scale was explained to
surgeons, and the definition of the visual
patients.
analogue scale was explained to patients.
Patients drank 1000 mL of a 10% glucose solution 10 h
Fasting for 12 h before surgery
before surgery and 500 mL of the 10% glucose solution 2 h
No drinking for 6 h before surgery
before surgery.
None
The bowel was cleaned twice the day before
surgery and the day of surgery.
Not used
Intraoperative warm-air body heating
Removed after waking from anesthesia

Removed after exhaust
None
1 d after surgery

Local anesthesia at surgical incision + PCIA + NSAIDs
PCIA
Patients chewed gum after waking from anesthesia, drank Patients drank water after anal exhaust and
water 6 h after surgery, and were encouraged to remain on
gradually returned to a normal diet.
a liquid diet until return to a normal diet.
Patients were encouraged to get out of bed for more than 6 h
Decided by patients
a day and walk the length of the ward.

ERAS: Enhanced recovery after surgery.

Table 3 Operation conditions
Operation parameter
Operative time (min, mean ± SD)
Volume of intraoperative blood loss (mL, mean ± SD)
Open surgery

ERAS group (n = 20)

Control group (n = 22)

Statistics

P value

217.9 ± 52.5
166.1 ± 12.5
2

225.4 ± 61.7
150.9 ± 31.7
1

χ 2 = 2.006

t = 0.422

> 0.05
> 0.05
> 0.05

t = 0.01

ERAS: Enhanced recovery after surgery.

stay of patients without complications, and visual
analog scale score on the first and third days after the
operation were 2.9 ± 1.1 d, 1.6 ± 0.7 d, 2.3 ± 0.8 d,
7.5 ± 1.6 d, 4.0 ± 1.4, and 3.5 ± 1.8, respectively, in
the ERAS group and 3.7 ± 1.4 d, 4.1 ± 1.1 d, 4.2 ± 3.2
d, 10.2 ± 2.1 d, 5.4 ± 1.6, and 4.8 ± 1.5 in the control
group, respectively, resulting in statistically significant
differences between the two groups (t = 2.045, 8.685,
2.580, 4.650, 2.361, and 2.551, respectively; P <
0.05 for all). However, the time to initial defecation,
time to abdominal drainage-tube removal, and the
early postoperative complications were not significantly
different between the two groups.
The rates of anastomotic leakage, postoperative
ileus, pneumonia, cardiac disorders, and overall com
plications did not significantly differ between the two
groups, which indicated the safety of the procedure. In
addition, the perioperative ERAS program effectively
reduced the pain and hospitalization time of patients.
Overall compliance with ERAS protocols was good, as
illustrated in Table 4.

indexes, including detection of the white blood cell count
(WBC) and C reactive protein (CRP) and interleukin-6
(IL-6) levels at 1 d and 3 d after the operation.

Statistical analysis

Statistical analyses were performed with SPSS 19.0.
Measurement data following a normal distribution
are presented as mean ± SD and were analyzed by
t-test. A P-value < 0.05 was considered statistically
significant.

RESULTS
Operation conditions

The operative time (t = 0.422), volume of intraoperative
blood loss (t = 2.006), and number of patients with
2
conversion to open surgery (χ = 0.01) were not
significantly different between the two groups (P > 0.05
for all), which indicated that the ERAS program did not
affect the surgical results, as illustrated in Table 3.

Postoperative clinical observations

Postoperative serum stress indexes

The time to initial anal exhaust, time to initial liquid diet
intake, time to out-of-bed activity, duration of hospital
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Table 4 Postoperative clinical indexes
ERAS group (n = 20) Control group (n = 22)

Index
Time to initial anal exhaust (d, mean ± SD)
Time to initial liquid diet intake (d, mean ± SD)
Time to out-of-bed activity (d, mean ± SD)
Time to initial defecation (d, mean ± SD)
Time to abdominal drainage tube removal (d, mean ± SD)
Duration of hospital stay of patients without complications (d, mean ± SD)
Early postoperative complications
VAS POD1 (points, mean ± SD)
VAS POD3 (points, mean ± SD)

2.9 ± 1.1
1.6 ± 0.7
2.3 ± 0.8
4.2 ± 1.7
7.3 ± 2.6
7.5 ± 1.6
1
4.0 ± 1.4
3.5 ± 1.8

3.7 ± 1.4
4.1 ± 1.1
4.2 ± 3.2
4.9 ± 2.0
8.7 ± 3.2
10.2 ± 2.1
1
5.4 ± 1.6
4.8 ± 1.5

Statistics

P value

t = 2.045
t = 8.685
= 2.580
t = 1.216
t = 1.546
t = 4.650
χ 2 = 0.430
= 2.361
= 2.551

< 0.05
< 0.05
< 0.05
> 0.05
> 0.05
< 0.05
> 0.05
< 0.05
< 0.05

ERAS: Enhanced recovery after surgery; POD: Postoperative day.

Table 5 Postoperative serum stress indexes
Stress index (mean ± SD)

ERAS group (n = 20)

Control group (n = 22)

Statistics

P value

12.7 ± 3.1
9.5 ± 2.6
7.5 ± 2.9
5.3 ± 3.1
55.2 ± 21.9
20.3 ± 5.7

15.2 ± 4.2
12.4 ± 3.3
11.2 ± 3.4
7.3 ± 2.8
85.7 ± 35.6
24.1 ± 6.2

t = 2.176
t = 3.141
= 3.775
= 2.197
t = 3.303
t = 2.061

< 0.05
< 0.05
< 0.05
< 0.05
< 0.05
< 0.05

9

WBC POD1 (× 10 /L)
WBC POD3 (× 109/L)
CRP POD1 (mg/dL)
CRP POD3 (mg/dL)
IL-6 PDO1 (pg/dL)
IL-6 POD3 (pg/dL)

ERAS: Enhanced recovery after surgery; POD: Postoperative day; WBC: White blood cell count; CRP: C reactive protein; IL-6: Interleukin-6.

achieved consensus in the field. The second part is
the reconstruction of the digestive tract. Due to the
development of chemotherapy and targeted drugs, the
survival of patients with gastric cancer has significantly
[21,22]
improved
. The uncut Roux-en-Y gastrojejunostomy
after distal gastrectomy does not involve cutting the
jejunum, which reduces the time needed for dissociation
of the jejunum. Therefore, the blood supply of the
jejunum remains intact, which reduces intraoperative
bleeding and ensures that the function of the intestinal
[12,13]
wall nerve is not damaged
. Simultaneously, this
[23,24]
technique can reduce the incidence of RSS
. Scholars
worldwide have applied the coincidence method to
endoscopic assisted gastrointestinal reconstruction and
total laparoscopic digestive reconstruction and confirmed
[10,25]
its safety and effectiveness
. Uncut surgery in
conjunction with the ERAS concept can achieve early
recovery in patients.
In this study, the perioperative administration of
the ERAS concept showed obvious advantages when
intraoperative parameters, postoperative clinical
indicators, and postoperative stress responses were
compared. The ERAS concept of perioperative treatment
significantly shortened the hospital stay after surgery
(approximately 2.7 d), significantly improved patient
comfort during the perioperative period, and reduced
pain without increasing the operating time and blood
loss during surgery. The time to initial liquid diet intake,
time to out-of-bed activity, and time to postoperative
gastrointestinal function recovery were significantly
shorter than those in the control group under the
[26,27]
premise of the same recovery effect
. Additionally,
the ERAS concept can effectively reduce the level of

Table 5. On the first and third days after the operation,
the WBC and CRP and IL-6 levels in the ERAS group
were significantly lower than those in the control group,
which suggested that the ERAS program significantly
reduced the postoperative stress responses.

DISCUSSION
Currently, it is unclear whether the introduction of
the ERAS concept benefits the Chinese population.
Gastrectomy involving the reconstruction of the digestive
tract is extremely specialized, and the application of
ERAS after gastrectomy is uncommon. In the present
[16]
study, the ERAS protocol was novel for gastric surgery .
However, the ERAS concept advocates giving patients
adequate preoperative preparation (good preoperative
communication, nutritional treatment, and comfortable
gastrointestinal preparation) to reduce preoperative
[17,18]
stress
The use of warming, planned rehydration,
and increased postoperative analgesia after surgery
[16]
reduces postoperative traumatic stress responses .
The ERAS concept emphasizes that patients get out of
bed, ingest a liquid diet, and undergo removal of the
gastrointestinal decompression tube and catheter earlier
to promote postoperative intestinal function recovery
[19,20]
and accelerated rehabilitation
. In the present
study, we demonstrated that the ERAS concept can be
applied for gastric cancer treatment. This concept can
help achieve faster patient recovery without increasing
postoperative morbidity.
Surgical treatment of gastric cancer consists
of two important parts. The first part is tumor re
section. At present, the use of D2 radical surgery has
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Research conclusions

postoperative stress in patients. However, some reports
have suggested that a delayed return to a normal diet
can reduce the incidence of gastrointestinal anastomotic
[28]
fistula . However, most patients in the study were able
to tolerate early postprandial feeding. A large-sample,
multicenter, randomized controlled study confirmed
the safety for patients with upper gastrointestinal tract
surgery to begin a normal diet early. Further research
regarding whether the ERAS concept has potential
benefits for other patients is necessary. The above
results show that health education, the development
of a detailed diet, and encouraging patients to eat as
soon as possible can effectively promote recovery and
shorten hospital stay.
In conclusion, through the optimization and im
provement of the traditional perioperative treatment
program in this study, our results suggest that the
use of the perioperative ERAS program for total
laparoscopic uncut Roux-en-Y gastrojejunostomy after
distal gastrectomy is safe and effective and should be
popularized. This program can also reduce the duration
of the hospital stay and improve the degree of comfort
and satisfaction of patients.

We found that the perioperative ERAS program for total laparoscopic uncut
Roux-en-Y gastrojejunostomy after distal gastrectomy is safe and effective and
should be popularized. In this study, we carried out long-term follow-up and
prognosis analysis of patients with gastric cancer who received uncut Rouxen-Y gastrojejunostomy after distal gastrectomy at our center to provide a
theoretical basis for prognosis improvement of the patients.

Research perspectives

From this study, we can find that ERAS can be used not only for herniorrhaphy,
gastrointestinal surgery, gynecologic operations, and other applications, but
also for gastric surgery. The direction of the future research is that an effective
perioperative management program specific for gastric cancer is needed to be
developed. The best method is to conduct a large-scale clinical trial to verify it.
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Abstract

Core tip: Single nucleotide polymorphism (SNP) in

NUDT15 c.415C>T in exon 3 affects thiopurine-

AIM
The single nucleotide polymorphism (SNP) c.415C>T in
exon 3 of NUDT15 affects thiopurine-induced leukopenia
in Asian patients with Crohn’s disease. Meanwhile, three
additional genetic variants of NUDT15 were reported
in patients with acute lymphoblastic leukemia. We
evaluated the effects of these additional genetic variants
of NUDT15 in patients with inflammatory bowel disease
(IBD) treated with thiopurines.

induced leukopenia in Asian Crohn’s disease patients.
Meanwhile, there is a report of additional three genetic
variants of NUDT15 in patients with acute lymphoblastic
leukemia. We evaluated the effect of these additional
genetic variants of NUDT15 on inflammatory bowel
disease (IBD) treated with thiopurines. The increase
rate of mean corpuscular volume was higher in the
variants than the wild, Mutations of NUDT15 in exon 1
also affects thiopurine-induced leukopenia in patients
with IBD. To discuss thiopurine-induced leukopenia,
investigating SNPs both exons 1 and exon 3 of NUDT15
is needed.

METHODS
Ninety-six Japanese patients with IBD were enrolled.
Genotyping for the NUDT15 and TPMT genes was
performed using Custom TaqMan SNP genotyping
assays or Sanger sequencing. The changes in white
blood cell (WBC) count, mean corpuscular volume
(MCV), platelet count, hemoglobin, CRP, amylase,
albumin, AST, ALT, and ESR were evaluated.

Kojima Y, Hirotsu Y, Omata W, Sugimori M, Takaoka S,
Ashizawa H, Nakagomi K, Yoshimura D, Hosoda K, Suzuki
Y, Mochizuki H, Omata M. Influence of NUDT15 variants on
hematological pictures of patients with inflammatory bowel
disease treated with thiopurines. World J Gastroenterol 2018;
24(4): 511-518 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i4/511.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i4.511

RESULTS
Genetic variants of exon 1 and exon 3 of NUDT15 were
identified in 24 of 96 patients (25.0%). C.52G > A
and c.36_37insGGAGTC in exon 1 were found in three
patients each. All three patients with c.36_37insGGAGTC
in exon 1 were heterozygotes of p.Arg139Cys in exon
3. Eighteen patients had p.Arg139Cys in exon 3 alone.
The WBC count gradually decreased after initiation of
thiopurine treatment in the mutated cases (n = 24),
and was significantly lower at 6, 8, 10, and 16 wk (P =
0.0271, 0.0037, 0.0051, and 0.0185, respectively). The
WBC counts were also evaluated in patients with and
without prednisolone treatment. In the patients with
prednisolone treatment, the WBC count tended to show
a greater decrease in the mutated cases, with significant
differences at 8 and 10 wk (P = 0.012 and 0.029,
respectively). In the patients without prednisolone
treatment, the WBC count was significantly lower at 2,
4, 8, and 14 wk in mutated cases (P = 0.0196, 0.0182,
0.0237 and 0.0241, respectively). MCV increased after
starting thiopurine treatment in the mutated cases, and
was significantly higher at 10 wk (P = 0.0085). Platelet
count, hemoglobin, CRP, amylase, albumin, AST, ALT
and ESR did not differ significantly between the wildtype and mutated cases. TPMT mutations were not
found in any of the patients.

INTRODUCTION
The number of patients with inflammatory bowel
disease (IBD) are increasing worldwide. As the
treatment for ulcerative colitis (UC) and Crohn’s
[1]
disease (CD), thiopurine drugs are widely used . For
UC, thiopurines are used for both steroid-dependent
and steroid-resistant cases. For CD, thiopurines are
recommended to be used with infliximab for better
efficacy and prevention of events such as infusion
[2]
reaction .
The reported major adverse events associated
with thiopurines include leukopenia, pancreatitis,
[3,4]
hair loss, and liver dysfunction
. In European
descent, this leukopenia is mainly associated with
genetic variations of TPMT which encodes thiopurine
[5]
S-methyltransferase . Meanwhile, in Asian patients,
a single nucleotide polymorphism (SNP) in exon 3
of NUDT15 c.415C>T (encoding p.Arg139Cys), was
shown to play an important role in thiopurine-induced
[6-11]
leukopenia
. When p.Arg139Cys occurred, the odds
ratio of myelosuppression caused by thiopurines was
-94
[6]
35.6 (P = 4.88 × 10 ) in Korean patients with CD .
Recently, three additional genetic variants of
NUDT15 were reported to induce leukopenia in patients
[12]
with acute lymphoblastic leukemia (ALL) . These three
genetic variants were c.36_37insGGAGTC (encoding
p.Val18_Val19insGlyVal) and c.52G > A (encoding
p.Val18Ile) in exon 1 and c.416G > A (encoding
p.Arg139His) in exon 3. However, these three SNPs
were not examined in Asian patients with IBD.

CONCLUSION
Mutations in exon 1 of NUDT15 also affect thiopurineinduced leukopenia in patients with IBD. To discuss
thiopurine-induced leukopenia in more detail, investi
gation of SNPs in both exon 1 and exon 3 of NUDT15 is
needed.
Key words: Inflammatory bowel disease; NUDT15 ;
Leukopenia; Mean corpuscular volume; Japanese
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Sanger sequencing

Table 1 Demographic data and treatment of 96 patients

PCR was performed using genomic DNA as a template
and primer pairs flanking the SNP sites in exon 1
(rs869320766, p.Val18_Val19insGlyVal; rs186364861,
Val18Ile) and exon 3 (rs116855232, Arg139Cys;
rs147390019, Arg139His) of the NUDT15 gene. The
PCR products were cleaned up using ExoSAP-IT™ Reagent
(Affymetrix, Santa Clara, CA, United States) according
to the manufacturer’s instructions. Sequencing was
performed with a BigDye Terminator v3.1 (Thermo
Fisher Scientific) using forward or reverse primers.
The PCR products were purified and subsequently
analyzed by a 3500 Genetic Analyzer (Thermo Fisher
[15,16]
Scientific)
. The primer sequences are provided in
Table 2.

n

Patient
Gender (females/males)
Median age at presentation
Range
UC; CD
Treatment
6-MP (yes/no)
5-ASA (yes/no)
Steroid (yes/no)
Anti-TNF drugs (yes/no)

32/64
28
10-71
67; 29
96/0
90/6
55/41
36/60

CD: Crohn’s disease.

In the present study, we investigated the effects
of all four SNPs in exon 1 and exon 3 of NUDT15
and their correlations with biochemical parameters.
We also analyzed three SNPs in the TPMT gene that
are associated with drug responses and commonly
performed in Europe.

Single nucleotide polymorphism genotyping

Real-time PCR was conducted in a ViiA7 system
(Thermo Fisher Scientific) using TaqMan Genotyping
Master Mix (1 ×) (Life Technologies Corp.), forward and
reverse primers, and specific probes. SNP genotyping
was conducted by the allelic discrimination method.
NUDT15 (rs186364861, Val18Ile; rs116855232,
Arg139Cys) and TPMT (rs1800462, rs1800460, and
rs1142345) genotyping primers and probes were
purchased from Thermo Fisher Scientific. NUDT15 SNP
typing was validated by the Sanger sequencing results.
The GenBank sequences of human NUDT15 (accession
number: NP_060753.1) and TPMT (accession number:
NP_000358.1) were accessed at the NCBI Reference
Sequence Database.

MATERIALS AND METHODS
Patients

We enrolled 96 Japanese patients with IBD treated
with thiopurines at our hospital between October 2015
and January 2016. These 96 patients comprised 32
females and 64 males with a median age of 28 years
at presentation of IBD. Sixty-seven patients had UC
and 29 patients had CD (Table 1). The treatment
protocols were as follows. All 96 patients were treated
with 6-mercaptopurine (6-MP), which was started at a
dose of 30 mg daily. Ninety patients received 5-ASA, 55
patients received steroid, and 36 patients received antiTNF drugs (infliximab, 29; adalimumab, 7) (Table 1).
Written informed consent to conduct genetic analysis of
NUDT15 and TPMT was obtained from all 96 patients.
Adverse events were examined every week for the
first month and then every 1-2 mo thereafter. Blood
samples were analyzed for white blood cell (WBC)
count, hemoglobin, mean corpuscular volume (MCV),
platelet count, amylase, lipase, AST, ALT, albumin, CRP,
and ESR.
The protocol was approved by the Institutional
Review Board of Yamanashi Prefectural Central Hospital.

Statistical analysis

All statistical analyses were performed using R version
3.3.3. The statistical significance of differences in mean
values between two cohorts was assessed by Student’s
t-test if the variances were equal in an F test, or by the
nonparametric Mann-Whitney test if the variances were
not equal.

RESULTS
Genetic variants of exon 1 and exon 3 of NUDT15
were identified in 24 of 96 patients (25.0%) (Table
3). All mutated cases were heterozygotes. C.52G > A
(p.Val18Ile) in exon 1 was found in three patients (Group
A, Table 3). All three patients with c.36_37insGGAGTC
(p.Val18_Val19insGlyVal) in exon 1 were heterozygotes
for c.415C>T (p.Arg139Cys) in exon 3 (Group B, Table
3).
Eighteen patients had c.415C>T (p.Arg139Cys)
in exon 3 alone (Group C, Table 3). The mutations
p.Val18Ile and p.Val18_Val19insGlyVal were mutually
exclusive. The mutation c.416G > A (p.Arg139His) in
exon 3 was not observed in any of the patients.
We investigated the changes in the WBC count.
The WBC count gradually decreased after thiopurine

DNA extraction

Peripheral blood samples were obtained from the 96
patients. Buffy coats were isolated by centrifugation
of the blood samples at 820 × g at 25 ℃ for 10 min
and stored at -80 ℃ until required for DNA extraction.
Buffy-coat DNA was extracted using a QIAamp® DNA
Blood Mini QIAcube Kit (Qiagen, Hilden, Germany)
with a QIAcube (Qiagen). The total genomic DNA
concentration was determined using a Nano Drop 2000
spectrophotometer (Thermo Fisher Scientific, Waltham,
[13,14]
MA, United States) as described previously
.
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Table 2 Primer sequence for Sanger sequencing analysis of NUDT15 exon 1 and exon 3
Primer

Primer sequence

NUDT15 exon1 forward
NUDT15 exon1 reverse
NUDT15 exon3 forward
NUDT15 exon3 reverse

5’-CAAAGCACAACTGTAAGCGACT-3’
5’-GAAAGACCCAGCTAGCAAAGAC-3’
5’-TTGTATAGCCAAGCAAATGCAAAGC-3’
5’-TCTGTGTCTGGAATACAATTCAATGAC-3’

Table 3 Genotypes of NUDT15 and TPMT
Exon1

Exon 3

TPMT

c.52G > A (p.Val18Ile)

Wild

Wild

c.36_37insGGAGTC (p.Val18 Val19insGlyVal)

c.415C>T (p.Arg139Cys)

Wild

Wild

c.415C>T (p.Arg139Cys)

Wild

Wild

Wild

Wild

Group A (n = 3)
#1-#3
Group B (n = 3)
#4-#6
Group C (n = 18)
#7-#24
Group D (n = 72)
#25-#96

A
9000

Group A + B + C
Group D

8000
WBC count/cmm

B

Absolute number of WBC counts in two groups
(Groups A + B + C vs D)

7000
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P
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P

P

P
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0
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Decrease ratio of WBC counts in two groups
(Groups A + B + C vs D)
1.2

n = 24
n = 72

16

Decrease ratio of WBC count

Patients

Group A + B + C
Group D

1.0

n = 24
n = 72

0.8

P

0.6

P

P

P

P
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Figure 1 Change of white blood cell counts (Group A, B and C vs D). A: Absolute number of WBC counts in two groups (Groups A, B and C vs D). WBC gradually
decreased after the thiopurine was started in both the mutant (n = 24) and the wild type. The WBC count of the mutant was lower and statistically significant at 6, 8,
10 and 16 wk (P = 0.0271, 0.0037, 0.0051 and 0.0185, respectively); B: Decrease rate of the WBC counts in two groups (Groups A, B and C vs D). The decrease rate
was higher in the variants (n = 24) than the wild (n = 72) and statistically significant at 4, 6, 8, 10, 12, 14 and 16 wk (P = 0.004, 0.0001, 0.0012, 0.0022, 0.00001, 0.0264
and 0.0031, respectively). We set 1.0 as the WBC count at the beginning of thiopurines. WBC: White blood cell.

+ C), with significant differences at 8 and 10 wk (P =
0.012 and 0.029, respectively; Figure 2A). Prednisolone
induced dynamic change of WBC counts which varied
in each case. Statistical difference was only obtained
at 8 and 10 wk. In the patients without prednisolone
treatment, the WBC count was significantly lower at
2, 4, 8 and 14 wk in the mutated cases (Group A + B
+ C) compared with the wild-type cases (Group D; P
= 0.0196, 0.0182, 0.0237, and 0.0241, respectively;
Figure 2B).
Next, we divided the cases into three categories:
Group A + B, Group C and Group D (Figure 3). Group
C was already reported cases in IBD with c.415C>T
in exon 3 of NUDT15. Group A + B did not show any
significant differences from Group C, but had a lower
WBC count compared with that in Group D.

treatment was started in both the mutated (n = 24)
and wild-type (n = 72) cases (Figure 1A). The WBC
count in the mutated cases was significantly lower
at 6, 8, 10 and 16 wk (P = 0.0271, 0.0037, 0.0051
and 0.0185, respectively). To examine the decrease
rates in the WBC count, we set the WBC count at the
beginning of thiopurine treatment at 1.0. The decrease
rate was higher in the mutated cases (n = 24) than in
the wild-type cases (n = 72), and showed significant
differences at 4, 6, 8, 10, 12, 14 and 16 wk (P = 0.004,
0.0001, 0.0012, 0.0022, 0.00001, 0.0264, and 0.0031,
respectively, Figure 1B).
We also analyzed the WBC count in the patients with
and without prednisolone treatment. In the patients with
prednisolone treatment, the WBC count tended to show
a greater decrease in the mutated cases (Group A + B
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Figure 2 Change of white blood cell counts with or without prednisolone. A: Absolute number of WBC counts in two groups (Groups A + B + C vs D) with
PSL. In the cases with prednisolone, WBC count tended to decreased more in the mutant cases (Group A + B + C) and was significantly different at 8 and 10 wk (P
= 0.012 and 0.029, respectively); B: Absolute number of WBC counts in two groups (Groups A + B + C vs D) without PSL. In the cases without prednisolone, WBC
count was significantly lower at 2, 4, 8 and 14 wk significantly in the mutant (Group A + B + C) than the wild cases (Group D, P = 0.0196, 0.0182, 0.0237 and 0.0241,
respectively). PSL: Prednisolone; WBC: White blood cell.
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Figure 3 Effect of thiopurine on white blood cell count. A: Absolute number of WBC counts in three groups (Groups A + B vs C vs D) without PSL. We next
divided cases into 3 categories: Group A + B, Group C and Group D. Group C was already reported cases with NUDT15 c.415C>T in exon 3 in IBD cases. Group A
+ B included mutations in exon 1 which is not investigated in IBD. Group A + B and Group C was lower in WBC count and decrease rate than Group D; B: Decrease
ratio of WBC counts in three groups (Groups A + B vs C vs D) without PSL; Group A + B and Group C was lower in WBC count and decrease rate than Group D;
Group A + B and Group C was lower in decrease rate than Group D. PSL: Prednisolone; WBC: White blood cell; IBD: Inflammatory bowel disease.
[17]

As it is well known that thiopurines increase MCV ,
we analyzed the changes in MCV after initiation of
thiopurine treatment. MCV increased after starting
6MP in both the mutated (Group A + B + C) and wildtype (Group D) cases (Figure 4). MCV was significantly
higher at 10 wk in the mutated cases compared
with the wild-type cases (P = 0.0085; Figure 4A). To
analyze the increase rate in MCV, we set the MCV at the
beginning of thiopurine treatment at 1.0. The increase
rate was higher in the mutated cases compared with
the wild-type cases, and the difference was significant
at 16 wk (P = 0.00198; Figure 4B).
We also investigated the changes in platelet count,
hemoglobin, CRP, amylase, albumin, AST, ALT and ESR,
but did not observe any significant differences between
the mutated and wild-type cases. TPMT mutations were
not observed in any of the 96 patients.
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DISCUSSION
The genotypes of NUDT15 vary worldwide, according to
the 1000 Genomes Project (http://www.1000genomes.
org/category/frequently-asked-questions/population),
5000 Exomes Project (NHLBI ESP; https://esp.
gs.washington.edu/drupal/), and The Exome Aggre
gation Consortium (ExAC; http://exac.broadinstitute.
org). However, detailed information on the different
types of NUDT15 SNPs is not necessarily available for
individual diseases.
Recently, new genotypes of NUDT15 were reported
in patients with ALL, including three genetic variants
[12]
of NUDT15 that induced leukopenia . Until now,
there have been several reports on analyses of
NUDT15 in patients with IBD. However, these studies
only evaluated one SNP site (c.415C>T, encoding
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Figure 4 Effect of thipourine on mean corpuscular volume. A: MCV in Groups A + B + C vs D. MCV increased after starting 6MP in both the mutant (Group A + B
+ C) and the wild cases (Group D, Figure 4). MCV was significantly higher at 10 wk in the mutant than the wild cases (P = 0.0085); B: Increase ratio of MCV in Groups
A + B + C vs D. The increase rate was higher in the variants than the wild and statistically significant at 16 wk (P = 0.00198). We set 1.0 as the MCV at the beginning
of thiopurines. 6MP: 6-mercaptopurine; MCV: Mean corpuscular volume.
[6,7,18]

[7]

p.Arg139Cys) in exon 3
. Therefore, we analyzed
the three additional genetic variants of NUDT15, namely
c.36_37insGGAGTC (encoding p.Val18_Val19insGlyVal)
and c.52G > A (encoding p.Val18Ile) in exon 1 and
c.416G > A (encoding p.Arg139His) in exon 3, in
patients with IBD.
In our 96 patients with IBD, we found six cases with
exon 1 mutations. Three exon 1 mutated cases with
c.36_37insGGAGTC also had the c.415C>T mutation
in exon 3. However, the other three exon 1 mutated
cases with c.52G > A had the wild-type in exon 3.
Consequently, without analysis of exon 1, 3.1% (3
of 96) of the patients at risk of thiopurine-induced
leukopenia would have been missed. Regarding the
mutations among the 24 patients with SNPs in either
exon 1 or exon 3, 6 (25%) had mutations in exon 1.
Thus, to fully evaluate thiopurine-induced leukopenia
and other side effects, investigation of both exon 1 and
exon 3 of NUDT15 is necessary.
We also examined MCV and other variables. MCV
tended to be higher in the NUDT15 mutated cases than
in the wild-type cases, with a significant difference at
10 wk after the start of thiopurine treatment. We didn’
t measure the concentrations of folate and vitamin
B12, which affect MCV. Before starting thiopurines,
the MCV was in normal range. Previously it is reported
that salazosulfapyridine, one of 5ASAs, decreased
the absorption of folate, but the only nine patients
were taking salazosulphapyridine and the MCV was
also in normal range at the initiation of 6MP. MCV was
previously shown to be positively correlated with the
6-thioguanine nucleotide (6-TGN) concentration in red
[19]
blood cells . The role of NUDT15 SNPs is not totally
understood. It was reported that NUDT15 inactivates
thiopurine metabolites and decreases thiopurine
cytotoxicity in vitro, and that patients with defective
NUDT15 alleles had excessive levels of thiopurine
[12]
active metabolites and toxicity . Another study
that evaluated 6-TGN levels found that thiopurineinduced leukopenia was independent of the 6-TGN
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concentration . However, that study measured the
total amount of 6-TGN and did not differentiate among
thiopurine active metabolites (TGTP and DNA-6TG
incorporation). Therefore, further investigations are
necessary to examine the correlations of NUDT15 SNPs
and thiopurine metabolites, and hence the induction of
side effects.
We also tested three SNPs of TMPT, and as
previously reported, no TPMT variant was found. So it is
not necessarily performed in Asian patients. Our results
support previous data that TPMT variant is low in Asian
patients.
Our study has several limitations. Firstly, the
number of patients was too small to have definite
conclusions. For example, the WBC count in patients
with prednisolone treatment was not significant at
time points other than 8wk and 10 wk. We have
not encountered any patients with agranulocytosis
and severe hair loss. If we were able to recruit more
patients we may be able to obtain definite conclusions.
Secondly, our study was a retrospective in nature,
and therefore clinical utility of SNP analysis is not
assured to avoid complications related to use of 6MP.
Thirdly, we only observed the patients for 16 wk after
initiation of thiopurine treatment, the long-term effects
of thiopurines remain unclear. We are planning further
studies to clarify these limitations.
Recently, three other NUDT15 variants, c.101G > C
(p.R34T), c.103A > G (p.K35E), and c.37_42delGGAGTC
[20]
(p.G17_V18del), were reported in ALL patients .
By using next-generation sequencing, it will become
easier to provide information on NUDT15 SNPs despite
changes in SNP numbers. Analysis of NUDT15 should
be routinely performed before starting thiopurine
treatment in patients with IBD.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Previous study demonstrated that single nucleotide polymorphism (SNP)
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in NUDT15 c.415C>T (encoding p.Arg139Cys) in exon 3 affects thiopurineinduced leukopenia in Asian patients with inflammatory bowel disease (IBD).
In acute lymphoblastic leukemia (ALL), there are other variants of NUDT15
in exon 1 and exon 3. We demonstrated the variants of c.36_37insGGAGTC
(encoding p.Val18_Val19insGlyVal) and c.52G > A (encoding p.Val18Ile) in
exon 1 also affect the thiopurine-induced leukopenia. To present thiopurineinduced leukopenia and other side effects, checking both exons 1 and exon 3
of NUDT15 is definitely needed.

3

4

5

Research motivations

It is well known that leukopenia is one of the most important adverse effects of
thiopurines. To distinguish the high risk group of the adverse effects is clinically
very important. Thus we investigated other NUDT15 variants than NUDT15
c.415 C > T in exon 3.

6

Research objectives

The main of this paper is to investigate other NUDT15 variants than c.415 > T
have an effect on hematological pictures including WBC count.

7

Research methods

We enrolled 96 Japanese patients with IBD. Genotyping for NUDT15 and
TPMT genes was performed using Custom TaqMan SNP genotyping assays
or Sanger sequencing. The changes of white blood cell (WBC) count, mean
corpuscular volume (MCV), platelet count, hemoglobin, CRP, amylase, albumin,
AST, ALT and ESR were analyzed.

8

Research results

In 24 out of 96 patients (25.0%), genetic variants of exons 1 and 3 were identified.
C.52G > A and c.36_37insGGAGTC in exon 1 was found in 3 cases each. All 3
cases of c.36_37insGGAGTC in exon 1 had heterozygote of p.Arg139Cys in exon
3. Eighteen patients showed p.Arg139Cys in exon 3 alone. WBC count gradually
decreased after thiopurine was started in the mutant (n = 24). The WBC count of
the mutant was statistically significantly lower at 6, 8, 10 and 16 wk (P = 0.0271,
0.0037, 0.0051 and 0.0185, respectively). We also analyzed WBC count in the
cases with and without prednisolone. In the cases with prednisolone, WBC count
tended to decrease more in the mutant cases and was significantly lower at 8
and 10 wk (P = 0.012 and 0.029, respectively). In the cases without prednisolone,
WBC count was significantly lower at 2, 4, 8 and 14 wk in the mutant than the
wild cases (P = 0.0196, 0.0182, 0.0237 and 0.0241, respectively). MCV increased
after starting thiopurine in the mutant. MCV was significantly higher at 10 wk in
the mutant than the wild cases (P = 0.0085). Platelet count, hemoglobin, CRP,
amylase, albumin, AST, ALT, and ESR was not different between the wild and the
mutant cases. TPMT mutation was not found in any of our Japanese patients.

9

10

11

12

Research conclusions

We reported NUDT15 variant in exon 1 also affect thiopurine-induced
leukopenia in patients with IBD. Before starting the treatment with thiopurines
for patients with IBD, NUDT15 variant in exon 1 and 3 will be routinely
performed for preventing adverse events of thiopurines in the near future.
13

Research perspectives

There are other NUDT15 variants which are reported in patients with ALL and
near future their role on IBD patients will be investigated.
14
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AIM
To analyse the effect of mechanical bowel preparation
vs no mechanical bowel preparation on outcome in
patients undergoing elective colorectal surgery.
METHODS
Meta-analysis of randomised controlled trials and
observational studies comparing adult patients receiving
mechanical bowel preparation with those receiving no
mechanical bowel preparation, subdivided into those
receiving a single rectal enema and those who received
no preparation at all prior to elective colorectal surgery.
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RESULTS
A total of 36 studies (23 randomised controlled trials
and 13 observational studies) including 21568 patients
undergoing elective colorectal surgery were included.
When all studies were considered, mechanical bowel
preparation was not associated with any significant
difference in anastomotic leak rates (OR = 0.90,
95%CI: 0.74 to 1.10, p = 0.32), surgical site infection
(OR = 0.99, 95%CI: 0.80 to 1.24, p = 0.96), intraabdominal collection (OR = 0.86, 95%CI: 0.63 to 1.17,
p = 0.34), mortality (OR = 0.85, 95%CI: 0.57 to 1.27,
p = 0.43), reoperation (OR = 0.91, 95%CI: 0.75 to
1.12, p = 0.38) or hospital length of stay (overall mean
difference 0.11 d, 95%CI: -0.51 to 0.73, p = 0.72),
when compared with no mechanical bowel preparation,
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trials was analysed. A sub-analysis of mechanical bowel
preparation vs absolutely no preparation or a single
rectal enema similarly revealed no differences in clinical
outcome measures.

within the context of an enhanced recovery after
[6,7]
surgery (ERAS) program setting .
[8-12]
Meta-analyses
have been published on MBP in
elective colorectal surgery showing mixed results, with
most studies demonstrating no difference in infective
complications between patients receiving MBP or
control treatment, although control treatment varied
significantly between the use of a rectal enema or
absolutely no preparation. Similar results have been
[13,14]
[15,16]
found in gynaecological
and urological
surgery
where studies have shown no benefits in visualisation,
bowel handling or complication rates between patients
treated with bowel preparation and those given no bowel
preparation. As a result of this inconclusive evidence,
several studies have established that practice varies
significantly between countries, and even surgeons
[17,18]
in the same institution
. Further impediments to
the issue are that no consensus has yet been reached
regarding the optimal method of bowel cleansing.
Various agents such as polyethylene glycol (PEG),
sodium phosphate, mannitol, milk of magnesia, liquid
paraffin and senna have been used to achieve bowel
cleansing.
Infective complications are amongst the leading
causes of morbidity and mortality in patients undergoing
[19]
colorectal surgery . However, MBP is not without
its own complications and the process is both time[20]
consuming and unpleasant for patients . It has been
[21]
shown to cause clinically significant dehydration
and
electrolyte disturbances, particularly hypocalcaemia
and hypokalaemia to which the elderly are especially
[22-24]
vulnerable
. Patient satisfaction is poor for un
dergoing bowel preparation prior to surgery and colo
noscopy, and this may necessitate an additional day
preoperatively in hospital, particularly for frail elderly
patients.
In the United Kingdom, the National Institution
of Health and Clinical Excellence (NICE) does not
recommend using MBP routinely to reduce the risk of
[25]
®
surgical site infection (SSI) and the ERAS Society
guidelines on perioperative care of patients undergoing
[6]
colonic resection also recommend against using
[7]
preoperative bowel preparation. However, for rectal
resection the recommendation, albeit weak, is to use
MBP for patients undergoing anterior resection with
diverting stomas. In recent years further evidence has
emerged from large database studies using the National
Surgical Quality Improvement (NSQIP) database in
[26-29]
America
showing reduced rates of anastomotic
leakage, intra-abdominal abscess formation and
wound infection when patients were given MBP with
intraluminal antibiotics pre-operatively.
We have assessed this expanding body of evidence
in this new comprehensive meta-analysis encompassing
both randomised controlled trials and observational
studies. We sought to address deficiencies in previous
studies by including all levels of evidence, separating
those in which patients received a single rectal enema
vs full or no preparation, and including the recently

CONCLUSION
In the most comprehensive meta-analysis of mechanical
bowel preparation in elective colorectal surgery to date,
this study has suggested that the use of mechanical
bowel preparation does not affect the incidence of
postoperative complications when compared with no
preparation. Hence, mechanical bowel preparation
should not be administered routinely prior to elective
colorectal surgery.
Key words: bowel preparation; Mechanical; antibiotics;
morbidity; mortality; surgery; outcome complications;
meta-analysis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: At present there is no evidence that bowel
preparation makes a difference to clinical outcomes in
either colonic or rectal surgery, in terms of anastomotic
leak rates, surgical site infection, intra-abdominal
collection, mortality, reoperation or hospital length of
stay. Given its potential adverse effects and patient
dissatisfaction rates, it should not be administered
routinely to patients undergoing elective colorectal
surgery.
Rollins KE, Javanmard-Emamghissi H, Lobo DN. impact of
mechanical bowel preparation in elective colorectal surgery:
a meta-analysis. World J Gastroenterol 2018; 24(4): 519-536
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i4/519.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i4.519

INTRODUCTION
Mechanical bowel preparation (MBP) for colorectal
surgery has been surgical dogma for decades, despite
increasing evidence from the 1990s refuting its
[1,2]
benefits . The rationale behind the administration of
MBP is that it reduces fecal bulk and, therefore, bacterial
colonisation, thereby reducing the risk of postoperative
complications such as anastomotic leakage and wound
[3]
infection , as well as to facilitate dissection and allow
endoscopic evaluation. Opponents argue that in the
st
21 century, with rational use of oral and intravenous
prophylactic antibiotics there is no longer a place for
MBP, that it may cause marked fluid and electrolyte
imbalance in the preoperative period, and that evidence
has shown that the gut microbial flora load is not
[4]
reduced grossly by bowel preparation . There is also
concern that bowel preparation liquefies feces, thereby
increasing the risk of spillage and contamination intra[5]
operatively . Its use remains controversial, particularly
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published large database studies.
Our aims for this meta-analysis were: (1) to
analyse the effect of MBP vs no preparation or rectal
enema alone on postoperative infective complications
in patients undergoing elective colorectal surgery;
(2) to examine the differences in results between
evidence obtained from randomised controlled trials
and observational studies; and (3) to determine what
effect, if any, bowel preparation had on postoperative
complications in rectal surgery.

that there was considerable overlap in the data sets
used. Hence, we selected the largest study for inclusion
with the greatest number of clinically relevant outcome
[29]
[37,38]
measures . Two further studies
had duplication of
results and in this situation the larger of the two studies
[38]
[39]
was included . One study
was a subgroup analysis
of patients undergoing anastomosis below the peritoneal
reflection taken from a study which was already
[40]
included
in the meta-analysis so this was excluded
from the main meta-analysis to prevent dual inclusion
of patients. However, this subgroup was included in the
[41]
separate analysis of rectal surgery. A further study
reviewed as a full text article was retracted since its
[10]
inclusion in the 2011 Cochrane Review , so we chose
[2]
to exclude this. One paper analysed in the Cochrane
Review included pediatric patients and so has been
excluded from our meta-analysis.

MATERIALS AND METHODS
Search Strategy

We performed an electronic search of the PubMed
database and the Cochrane Central Register of
Controlled Trials to identify studies comparing
outcomes in patients undergoing elective colorectal
surgery treated with MBP vs either no preparation or
st
a single rectal enema (last search on 1 May 2017).
We used the search terms “(bowel preparation OR
bowel cleansing OR bowel cleaning) AND (surgery
OR preoperative)”. Further sources were obtained by
a manual search of the bibliography of the papers
obtained to ensure the search was as comprehensive
as possible. We did not apply language restriction or
time limitations. Two independent researchers (KER and
HJ-E) reviewed the abstracts for inclusion. Where there
was a difference of opinion on the inclusion of papers,
the opinion of the senior author was sought (DNL). We
performed this meta-analysis according to the Preferred
Reporting Items for Systematic Reviews and Meta[30]
analyses (PRISMA) and Guidelines for Meta-Analyses
and Systematic Review of Observational Studies
[31]
(MOOSE) statements .

Data extraction

HJ-E extracted the data and they were verified
independently by KER. Quantitative data relevant to
the endpoints we selected were extracted. Several
studies presented hospital length of stay results in
formats other than mean and standard deviation.
Where this occurred, the authors were contacted
for the raw data in order to ascertain the mean and
standard deviation necessary for creation of Forest
plot. When the raw data were unavailable, mean and
standard deviation were calculated using the technique
[42]
described by Hozo et al .

Risk of bias and completeness of reporting of individual
studies

The risk of bias was assessed using the Cochrane
[43]
Collaboration tool in RevMan 5.3 , which focuses upon
random sequence generation (selection bias), allocation
concealment (selection bias), blinding of participants
and personnel (performance bias), blinding of outcome
assessment (detection bias), incomplete outcome data
(attrition bias) and selective reporting (reporting bias).

Selection of articles

We reviewed full text articles for suitability after
excluding studies on the basis of title and abstract. Our
inclusion criteria specified that studies must have a
minimum of two comparator groups and were either
designed as randomised controlled trials or observational
studies. Publications comparing preoperative MBP with
no preparation or a single rectal enema were included
and comparisons with other forms of bowel preparation
(e.g. intraoperative colonic lavage) were excluded.
Only studies on adult patients undergoing elective
colorectal surgery were included. We included studies on
laparoscopic and open surgical procedures but excluded
endoscopic studies. Relevant outcome measures
were anastomotic leak, SSI, intra-abdominal abscess,
mortality, reoperation and hospital length of stay.
Duplication of results was a particular hazard
encountered when selecting which of the studies to
include that extracted information from the NSQIP
[26-29,32-36]
database
. The papers were scrutinised for their
enrollment dates. There was overlap in these dates and
after correspondence with the authors, it was apparent

WJG|www.wjgnet.com

Statistical analysis

The analysis was performed using RevMan 5.3
[43]
software . Continuous variables were calculated as a
mean difference and 95% confidence interval using an
inverse variance random effects model. Dichotomous
variables were analysed using the Mantel-Haenszel
random effects model to quote the risk ratio (RR) and
95% confidence interval. These analyses were used
to construct forest plots, with statistical significance
taken to be a p value of < 0.05 on two tailed testing.
A predetermined subgroup analysis was performed
for the impact of MBP in rectal surgery specifically
using the same methodology. Study inconsistency and
2
[44]
heterogeneity were assessed using the I statistic .

Protocol registration

The protocol for this meta-analysis was registered
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Table 1 Risk of bias of studies included
Ref.

Ji et al[76]
Chan et al[77]
Hu et al[64]
Bhattacharjee et al[65]
Allaix et al[74]
Kiran et al[29]
Yamada et al[66]
Otchy et al[67]
Kim et al[75]
Tahirkheli et al[62]
Sasaki et al[61]
Bertani et al[45]
Roig et al[68]
Bretagnol et al[46]
Pitot et al[69]
Alcantara Moral et al[47]
Miron et al[70]
Pena-Soria et al[48]
Leiro et al[59]
Contant et al[40]
Bretagnol et al[71]
Jung et al[49]
Veenhof et al[72]
Ali et al[63]
Jung et al[50]
Platell et al[51]
Fa-Si-Oen et al[52]
Bucher et al[53]
Ram et al[54]
Zmora et al[37]
Young Tabusso et al[55]
Miettinen et al[56]
Memon et al[73]
Fillmann et al[60]
Burke et al[57]
Brownson et al[58]

Random sequence
generation

Allocation
concealment

Blinding of
participants and
personnel

Blinding of
outcome assessment

Incomplete
outcome data

Selective reporting

NA
NA
?
+
NA
NA
NA
NA
NA
+
+
+
NA
+
NA
+
NA
+
+
+
NA
+
NA
?
+
+
+
+
+
+
?
+
NA
+
?
?

NA
NA
?
?
NA
NA
NA
NA
NA
?
?
+
NA
+
NA
+
NA
+
+
+
NA
+
NA
?
+
+
+
+
- (1)
+
?
+
NA
+
?
?

NA
NA
?
NA
NA
NA
NA
NA
?
?
?
NA
+
NA
?
NA
+
?
- (2)
NA
+
NA
?
+
+
?
+
?
?
- (2)
?
NA
+
+
?

NA
NA
?
?
NA
NA
NA
NA
NA
?
?
?
NA
+
NA
?
NA
+
?
- (2)
NA
+
NA
?
+
+
?
+
?
?
- (2)
?
NA
+
+
?

NA
NA
?
?
NA
NA
NA
NA
NA
?
+
NA
NA
?
NA
?
NA
NA
?
+
+
?
?
+
NA
+
?

NA
NA
?
?
NA
NA
NA
NA
NA
?
+
NA
+
NA
+
NA
+
+
+
NA
?
NA
?
?
+
+
+
+
?
+
NA
+
?

NA: Not applicable (observational study); +: Low risk of bias; -: High risk of bias; (1): Allocation concealment utilized identification number of patient (odd
or even); (2): Not blinded.

with the PROSPERO database (www.crd.york.ac.uk/
prospero) - registration number CRD42015025279.

interventions (bowel preparation and perioperative
antibiotics) in Table 3.

Anastomotic leak

RESULTS
From 1594 studies identified from the original search,
97 were reviewed as full text articles. Of these, 36
[37,40,45-65]
comprising 23
randomised controlled trials
[29,66-77]
and 13 observational studies
were eligible for
inclusion (Figure 1). The risk of bias of the randomised
controlled trials included in this study was moderate
(Table 1).

Patient demographics

Overall, 21568 patients were included in the metaanalysis, of whom 6166 had no bowel preparation of
any sort, 2739 had a solitary rectal enema and 12663
underwent full MBP as per local policy. Of these, 6277
patients were included in randomised controlled trials
and 15291 in observational studies. Demographic
details are summarised in Table 2 and of details of
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[75]

All studies except one
included data on the pri
mary outcome measure of this meta-analysis, the
incidence of anastomotic leak (Figure 2). When MBP
was compared with no MBP (including no preparation
at all and those who underwent a single rectal
enema), there was no difference in the incidence
of anastomotic leak (OR = 0.90, 95%CI: 0.74 to
1.10, p = 0.32). When MBP vs absolutely no MBP
[29,40,46,48-50,52,54-65,68,70,71,73]
was analysed
, this made no
difference to anastomotic leak rates (OR 0.94, 95% CI
0.70 to 1.25, p = 0.67), nor when MBP was compared
[37,45,47,51,53,66,67,69,72,74,76,77]
with a single rectal enema
(OR
= 0.92, 95%CI: 0.70 to 1.20, p = 0.52).
When randomised controlled trials alone were
[37,40,45-65]
included in the analysis
(Supplementary Figure
1a), the use of MBP vs no MBP did not affect the
incidence of anastomotic leak (OR = 1.02, 95%CI: 0.75
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Records identified through
database searching
(n = 1594)

Additional records identified
through other sources
(n = 18)

Records after duplicates and
retractions removed
(n = 1603)

Records excluded (n = 1506)
Not MBP (n = 444)
Not colorectal surgery (n = 494)
Non RCT/cohort study (n = 280)
Included patients < 18 yr old (n = 103)
No relevant clinical outcomes (n = 52)
No relevant comparator groups (n = 12)
Animal studies (n = 14)
Antibiotic bowel preparation (n = 103)
Included emergencies (n = 4)

Eligibility

Records screened
(n = 1603)

Included

Full-text articles assessed
for eligibility
(n = 97)

Full-text articles excluded (n = 61)
Non RCTs (n = 10)
No relevant clinical outcomes (n = 16)
No relevant comparator groups (n = 17)
Patient duplication (n = 8)
Included emergencies (n = 5)
Included patients < 18 yr old (n = 1)
Not colorectal (n = 2)
Retracted (n = 1)
Antibiotic bowel preparation (n = 1)

Studies included in
quantitative synthesis
(meta-analysis)
(n = 36)

Figure 1 PRISMA diagram showing identification of relevant studies from initial search, PRISMA: Preferred reporting Items for systematic reviews and metaanalyses.

to 1.40, p = 0.90), nor when MBP vs absolutely no
[40,46,48-50,52,54-65]
[37,45,47,
MBP
or MBP vs single rectal enema
51,53]
were considered. When observational studies alone
[66-73,76,77]
were analysed
(Supplementary Figure 1b),
the use of MBP vs no MBP did significantly affect the
incidence of anastomotic leak (OR = 0.76, 95%CI: 0.63
to 0.91, p = 0.003), although this was not significant
[66,67,69,72,74,76,77]
when MBP vs single rectal enema
and
[29,68,70,71,73]
MBP vs absolutely no MBP
were considered
separately.

95%CI: 0.78 to 1.24, p = 0.87).
When data obtained from 21 randomised controlled
[37,40,43,45-61,64,65]
trials
alone with a total of 5971 patients
were included (Supplementary Figure 2a), the use of
MBP vs no MBP did not impact upon the incidence of
SSI (OR = 1.16, 95%CI: 0.96 to 1.39, p = 0.12), nor
[37,45,47,51,53]
when MBP vs single rectal enema
or MBP
[40,43,46,48-50,52,54-61,64,65]
vs absolutely no preparation
were
considered. When just observational studies were
[29,66-70,72-75,77]
included
(11 studies, 13809 patients;
Supplementary Figure 2b), patients who received MBP
had a significantly reduced incidence of SSI than those
who did not receive MBP (OR = 0.64, 95%CI: 0.55 to
0.75, p < 0.0001), with similar results seen in those
[29,68,70,73,75]
who received MBP vs absolutely no MBP
,
although no difference was seen between those who
[66,67,69,72,74,77]
received full MBP vs a single rectal enema
.

SSI

Data on the incidence of SSI were presented in a total
[29,37,40,45-61,64-70,72-75,77]
of 19780 patients in 32 studies
(Figure 3). There was no difference in the incidence
of SSI in those who did vs those who did not undergo
MBP (OR = 0.99, 95%CI: 0.80 to 1.24, p = 0.96),
nor in those who had MBP vs those receiving a
[37,45,47,51,53,66,67,69,72,74,77]
single rectal enema
(OR =
1.00, 95%CI: 0.57 to 1.76, p = 1.00) or those
who had MBP vs those receiving absolutely no
[29,40,46,48-50,52,54-61,64,65,68,70,73,75]
preparation
(OR = 0.98,
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Intra-abdominal collection

[29,37,40,45,46,48,49,51,53-56,58,59,61,62,64-75,77]

A total of 29 studies
on 19327 patients included data on postoperative intraabdominal collections (Figure 4). The administration of
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2015

2015
2014
2014

2014
2013
2012
2011
2010
2010
2009
2009
2008
2008
2008
2007
2007
2007
2007
2007
2006
2006
2005
2005

2005
2003
2002
2000

1997
1995
1994
1992

Allaix et al[74]

Kiran et al[29]
Yamada et al[66]
Otchy et al[67]

Kim et al[75]
Tahirkheli et al[62]
Sasaki et al[61]
Bertani et al[45]
Roig et al[68]
Bretagnol et al[46]
Pitot et al[69]
Alcantara Moral et al[47]
Miron et al[70]
Pena-Soria et al[48]
Leiro et al[59]
Contant et al[40]
Bretagnol et al[71]
Jung et al[49]
Veenhof et al[72]
Ali et al[63]
Jung et al[50]
Platell et al[51]
Fa-Si-Oen et al[52]
Bucher et al[53]

Ram et al[54]
Zmora et al[37]
Young Tabusso et al[55]
Miettinen et al[56]

Memon et al[73]
Fillmann et al[60]
Burke et al[57]
Brownson et al[58]

Observational
RCT
RCT
RCT

RCT
RCT
RCT
RCT

Observational
RCT
RCT
RCT
Observational
RCT
Observational
RCT
Observational
RCT
RCT
RCT
Observational
RCT
Observational
RCT
RCT
RCT
RCT
RCT

Observational
Observational
Observational

Observational

Observational
Observational
RCT
RCT

Study
methodology

61
30
82
86

164
187
24
138

1363
48
38
114
39
89
59
70
60
65
64
670
61
686
78
109
27
147
125
78

6146
152
86

706

MBP, n
538
159
76
38

75
30
87
93

165
193
23
129

1112
48
41
115
69
89
127
69
39
64
65
684
52
657
71
101
17
147
125
75

2296
106
79

829

No MBP, n
831
97
72
33

Study numbers

32:29
Unknown
52:30
Unknown

99:65
103:84
12:12
68:70

502:694
28:20
17:21
65:49
Unknown
56:33
31:28
41:28
Unknown
35:29:00
39:25
337:333
42:19
306:380
28:43
Unknown
Unknown
Unknown
58:67
47:31

3030:3116
92:60
39:47

361:345

MBP
Unknown
85:74
Unknown
21:17

Location

Cancer
Rectum
Cancer
Colon and rectum
Cancer
Colon and rectum
Cancer, inflammatory bowel disease, volvulus,
Colon and rectum
tuberculosis
Cancer, adenoma, diverticulitis, reversal of
Colon and rectum
Hartmann’s procedure, rectal prolapse
Unknown
Colon and rectum
Cancer
Colon only
Cancer, diverticular disease, IBD, rectal prolapse,
Colon and rectum
ischemic colitis, volvulus, colovaginal fistula
Unknown
Colon and rectum
Cancer, diverticular disease, IBD, ischemic colitis
Colon and rectum
Cancer
Colon only
Cancer
Colon and rectum
Cancer, diverticular disease, IBD, FAP
Colon and rectum
Rectal cancer
Rectum only
Cancer, diverticular disease, IBD
Colon only
Cancer
Left colon and rectum
Unknown
Colon and rectum
Cancer, IBD
Colon and rectum
Benign and malignant colorectal pathology
Colon and rectum
Cancer, IBD
Colon and rectum
Rectal cancer
Rectum only
Cancers, diverticular disease, adenoma
Colon only
Not specified
Colon and rectum
Unknown
Colon and rectum
Cancer, adenoma and diverticular disease
Rectum only
Cancer, IBD, diverticular disease, adenoma
Colon and rectum
Cancer, diverticular disease
Colon only
Cancer, diverticular disease, reversal of Hartmann’s Left colon and rectum
procedure, adenoma, endometriosis
Cancer, diverticular disease, IBD
Colon and rectum
Cancer, diverticular disease, IBD
Colon and rectum
Unknown
Colon and rectum
Cancer, IBD, diverticular disease
Colon and rectum

Indication for surgery

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
N
Y
Y
Y
Y
Y
Y
N
Y
Y

N
Y
Y

Y

Y
Y
Y
Y

Primary
anastomosis

Y
Y
Y
91% primary
anastomosis in
both arms
44:31
Cancer, diverticular disease, IBD, adenoma, lipoma Left colon and rectum
Y
Unknown Cancer, diverticular disease, IBD, ischemic colitis
Colon and rectum
N
43:44
Cancer, diverticular disease, IBD
Left colon and rectum
Y
Unknown
Cancer and other
Colon and rectum
Y

102:63
94:99
9:14
62:67

669:610
24:24
24:17
60:55
Unknown
46:43
53:74
48:22
Unknown
33:22
38:27
345:339
32:20
317:340
33:45
Unknown
Unknown
Unknown
56:69
34:41

1111:1185
65:41
39:40

432:397

No MBP
Unknown
55:42
Unknown
20:13

Male: Female gender

FAP: Familial adenomatous polyposis; IBD: Inflammatory bowel disease; MBP: Mechanical bowel preparation; RCT: Randomised controlled trial.

2017
2016
2017
2015

Year
published

Ji et al[76]
Chan et al[77]
Hu et al[64]
Bhattacharjee et al[65]

Ref.

Table 2 Baseline patient demographics for all studies included

Unknown
Unknown
Unknown
Unknown

Unknown
Unknown
Unknown
None

709
unknown
29
55
12
73
26
12
Unknown
Unknown
Unknown
None
Unknown
None
Unknown
Unknown
None
Unknown
None
20

4443
97
37

829

MBP, n
Unknown
159
Unknown
0

Unknown
Unknown
Unknown
Unknown

Unknown
Unknown
Unknown
None

472
unknown
19
51
20
74
30
15
Unknown
Unknown
Unknown
None
27
None
Unknown
Unknown
None
Unknown
None
22

1389
64
48

706

No MBP, n
Unknown
97
Unknown
0
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MBP
No MBP
Odds ratio
Study or subgroup
Events
Total Events
Total Weight M-H, random, 95%CI
MBP vs rectal enema
Allaix 2015
24
706
30
829
8.7%
0.94 [0.54, 1.62]
Bertani 2011
9
114
9
115
3.6%
1.01 [0.39, 2.64]
Bucher 2005
5
78
1
75
0.8%
5.07 [0.58, 44.45]
Chan 2016
1
159
1
97
0.5%
0.61 [0.04, 9.83]
Ji 2017
42
538
77
831 12.8%
0.83 [0.56, 1.23]
Moral 2009
5
70
4
69
2.0%
1.25 [0.32, 4.87]
Otchy 2014
1
86
2
79
0.7%
0.45 [0.04, 5.09]
Pitot 2009
2
59
6
127
1.4%
0.71 [0.14, 3.62]
Platell 2006
3
147
7
147
1.9%
0.42 [0.11, 1.64]
Veenhof 2007
1
78
4
71
0.8%
0.22 [0.02, 1.99]
Yamada 2014
8
152
2
106
1.5%
2.89 [0.60, 13.88]
Zmora 2003
7
187
4
193
2.3%
1.84 [0.53, 6.38]
Subtotal (95%CI)
2374
2739 36.9%
0.92 [0.70, 1.20]
Total events
108
147
2
2
2
Heterogeneity: Tau = 0.00; χ = 9.53, df = 11 (P = 0.57); I = 0%
Test for overall effect: Z = 0.65 (P = 0.52)
MBP vs No MBP
Ali 2007
Bhattacharjee 2015
Bretagnol 2007
Bretagnol 2010
Brownson 1992
Burke 1994
Contant 2007
Fa-Si-Oen 2005
Fillmann 1995
Hu 2017
Jung 2006
Jung 2007
Kiran 2015
Leiro 2008
Memon 1997
Miettinen 2000
Miron 2008
Pena-Soria 2008
Ram 2005
Roig 2010
Sasaki 2012
Tahirkheli 2013
Young Tabusso 2002
Subtotal (95%CI)

6
4
9
6
8
3
32
7
0
1
3
13
184
3
5
5
3
4
1
4
1
8
5

109
38
61
89
86
82
670
125
30
76
27
686
6146
64
61
138
60
65
164
39
38
48
24
8926

1
2
8
14
1
4
37
6
1
0
0
17
104
9
2
3
1
3
2
7
3
6
0

101
33
52
89
93
87
684
125
30
72
17
657
2296
65
75
129
39
64
165
69
41
48
23
5054

0.8%
1.2%
3.2%
3.4%
0.9%
1.6%
10.1%
2.8%
0.4%
0.4%
0.4%
5.7%
18.5%
2.0%
1.3%
1.7%
0.7%
1.6%
0.7%
2.1%
0.7%
2.7%
0.4%
63.1%

Odds ratio
M-H, random, 95%CI

5.83 [0.69, 49.25]
1.82 [0.31, 10.66]
0.95 [0.34, 2.68]
0.39 [0.14, 1.06]
9.44 [1.15, 77.10]
0.79 [0.17, 3.63]
0.88 [0.54, 1.43]
1.18 [0.38, 3.61]
0.32 [0.01, 8.24]
2.88 [0.12, 71.87]
5.00 [0.24, 103.07]
0.73 [0.35, 1.51]
0.65 [0.51, 0.83]
0.31 [0.08, 1.19]
3.26 [0.61, 17.42]
1.58 [0.37, 6.74]
2.00 [0.20, 19.95]
1.33 [0.29, 6.21]
0.50 [0.04, 5.57]
1.01 [0.28, 3.70]
0.34 [0.03, 3.44]
1.40 [0.45, 4.39]
13.26 [0.69, 254.97]
0.94 [0.70, 1.25]

Total events
315
231
2
2
2
Heterogeneity: Tau = 0.09; χ = 29.20, df = 22 (P = 0.14); I = 25%
Test for overall effect: Z = 0.43 (P = 0.67)
Total (95%CI)

11300

Total events

423
2

2

7793 100.0%

0.90 [0.74, 1.10]

378
0.01

2

Heterogeneity: Tau = 0.04; χ = 39.60, df = 34 (P = 0.23); I = 14%
Test for overall effect: Z = 1.00 (P = 0.32)
2
2
Test for subgroup differences: χ = 0.01, df = 1 (P = 0.90), I = 0%

0.1

1

Favours MBP

10

100

Favours No MBP

Figure 2 Forest plot comparing overall anastomotic leak rate for patients receiving mechanical bowel preparation vs either a single rectal enema (top) or
absolutely no preparation (bottom). A Mantel-Haenszel random effects model was used to perform the meta-analysis and odds ratios are quoted including 95%
confidence intervals. MBP: Mechanical bowel preparation.
[37,40,45, 46,48,49,51,53-56, 58,59,61,62,64,65]

MBP vs no MBP did not impact upon the incidence of
intra-abdominal collection (OR = 0.86, 95%CI: 0.63
to 1.17, p = 0.34), nor when full MBP vs single rectal
[37,45,47,51,53,66,67,69,72,74,77]
enema
(OR = 0.83, 95%CI: 0.45
to 1.51, p = 0.54) or MBP vs absolutely no preparation
[29,40,46,48-50,52,54-61,64,65,68,70,73,75]
at all were considered
(OR =
0.92, 95%CI: 0.62 to 1.34, p = 0.65).
When randomised controlled trials alone were

WJG|www.wjgnet.com

considered
(Supple
mentary Figure 3a), no differences were seen in the
incidence of intra-abdominal collection between any
of the groups (OR = 1.17, 95%CI: 0.66 to 2.10, p
= 0.59). However, when observational studies were
[29,66-75,77]
analysed
(Supplementary Figure 3b), the
incidence of intra-abdominal collection was significantly
reduced in those who had MBP vs those who did not (OR

525

January 28, 2018|Volume 24|Issue 4|

Rollins KE et al. Mechanical bowel preparation in colorectal surgery
Table 3 Nature of the bowel preparation used in studies included in the meta-analysis
Ref.
Allaix et al[74]
Kiran et al[29]
Yamada et al[66]
Otchy et al[67]
Kim et al[75]
Tahirkheli et al[62]
Sasaki et al[61]
Bertani et al[45]
Roig et al[68]
Bretagnol et al[46]
Pitot et al[69]
Alcantara Moral et
al[47]
Miron et al[70]
Pena-Soria et al[48]
Leiro et al[59]
Contant et al[40]
Bretagnol et al[71]
Jung et al[49]
Veenhof et al[72]
Ali et al[63]
Jung et al[50]

Platell et al[51]
Fa-Si-Oen et al[52]
Bucher et al[53]
Ram et al[54]
Zmora et al[37]
Young Tabusso et
al[55]
Miettinen et al[56]
Memon et al[73]
Fillmann et al[60]
Burke et al[57]
Brownson et al[58]

Details of MBP

Details of no MBP

PEG
As per local policy
PEG
PEG

Enema before left sided operations
Unclear
Glycerin Enema
Colonic resections- no MBP
Rectal resections- single enema
Unclear
No preparation

Antibiotics given

PEG
Phosphate enema, picolax, PEG,
saline lavage
Mannitol
sodium picosulphate
PEG

No preparation
No preparation

Ceftriaxone and metronidazole at induction
Antibiotic regime not specified

No preparation
No preparation
No preparation

Metronidazole and gentamicin 1 h pre op then for 48 h
Ceftriaxone 1 g, metronidazole at induction and 8 and 16 h
Antibiotic regime not specified

As per local policy
As per local policy
Flomoxef at induction and 3 hourly intra op
Ertapenem 1 g or levofloxacin/metronidazole 500 mg 1 h
post op then continued for 24 h post op
As per local policy
As per local policy
Saline
Oral ciprofloxacin plus unspecified intravenous antibiotics
for 24 h post op
PEG and sodium picosulphate
No preparation
Antibiotic regime not specified
PEG and a single enema
Single enema only
Cefotixin given at induction, 4, 12 and 24 h. Ceftriaxone and
metronidazole given for 5 d post op if heavy contamination
Mono and di sodium phosphate
No prep
Antibiotic regime not specified
Senna plus povidone-iodine
No prep
ceftriaxone and metronidazole at induction and every 2
enema
hours intra op
PEG
Rectal resections had single enema
Antibiotic regime not specified
Sodium phosphate or PEG
Two preoperative enemas
Neomycin and metronidazole 1 d pre op, ceftriaxone and
metronidazole at induction
PEG and sodium sulphate
No preparation
Antibiotic regime not specified
PEG and standard enema
No preparation
Gentamicin and metronidazole 30 min pre op and 8 hourly
post op
Sodium di or monobasic
No preparation
Ciprofloxacin and metronidazole 500 mg pre op
phosphate or PEG
PEG and bisocodyl/ sodium
No preparation
Antibiotic regime not specified
phosphate
Senna plus povidone-iodine
No preparation
Ceftriaxone and metronidazole at induction and every 2 h
enema
intra op
As per local policy
No preparation
Trimethoprim + metronidazole or cef and met or dozy and
met
PEG
Single enema
Antibiotic regime not specified
Saline
No preparation
Antibiotic regime not specified
PEG or sodium phosphate
No preparation
Oral sulphamethoxazole-trimethoprim and metronidazole,
cephalsporin and metronidazole, doxycycline and
metronidazole
PEG
Phosphate enema
Timentin or gentamycin and metronidazole at induction
PEG
No preparation
Ceftriaxone and metronidazole or gentamycin and
metronidazole at induction
PEG
Rectal resections had single saline Ceftriaxone and metronidazole at induction and 24 h post op
enema
Monobasic and dibasic sodium
No preparation
Ceftriaxone and metronidazole 1 h pre op and 48 post op
phosphate
PEG
Rectal resections had a single
Erythromycin and neomycin for 3 doses and then for 24 h
phosphate enema
PEG or saline/mannitol
No preparation
Antibiotic regime not specified

MBP: Mechanical bowel preparation; PEG: Polyethylene glycol.

[40,45,46,49,51-56,61,63,67-69,71-74,77]

= 0.67, 95%CI: 0.53 to 0.85, p = 0.0008). A significant
reduction in the incidence of intra-abdominal collection
was seen in the subgroup of patients who underwent
[29,68,70,71,73,75]
MBP vs absolutely no preparation
(OR =
0.65, 95%CI: 0.54 to 0.78, p < 0.0001), however no
difference was seen in those undergoing MBP vs a single
[66,67,69, 72,74,77]
rectal enema
(OR = 0.80, 95%CI: 0.34 to
1.88, p = 0.60).

studies
including 7381
patients (Figure 5), with the use of MBP vs not (including
those who received a single rectal enema) resulting
in no significant difference in hospital length of stay
(overall mean difference 0.11 d, 95%CI: -0.51 to 0.73,
p = 0.72). This was mirrored when just randomised
[40,45,46,49,51-56,61,63]
controlled trials were examined
(Supplementary Figure 4a; overall mean difference
0.22 d, 95%CI: -0.44 to 0.88, p = 0.52) and when
[67-69,71-74,77]
just observational studies were included
(Supplementary Figure 4b; overall mean difference

Hospital length of stay

Hospital length of stay (LOS) was reported in 20
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MBP
No MBP
Odds ratio
Study or subgroup
Events
Total Events
Total Weight M-H, random, 95%CI
MBP vs rectal enema
Allaix 2015
4
706
12
829
2.8%
0.39 [0.12, 1.21]
Bertani 2011
7
114
14
115
3.7%
0.47 [0.18, 1.22]
Bucher 2005
10
78
3
75
2.2%
2.53 [0.93, 13.37]
Chan 2016
6
159
4
97
2.3%
0.91 [0.25, 3.32]
Moral 2009
8
70
4
69
2.4%
2.10 [0.60, 7.32]
Otchy 2014
5
86
5
79
2.3%
0.91 [0.25, 3.28]
Pitot 2009
1
59
4
127
0.9%
0.53 [0.06, 4.85]
Platell 2006
19
147
21
147
5.6%
0.89 [0.46, 1.74]
Veenhof 2007
1
78
7
71
1.0%
0.12 [0.01, 0.99]
Yamada 2014
5
152
2
106
1.5%
1.77 [0.34, 9.29]
Zmora 2003
12
187
1
193
1.0% 13.17 [1.69, 102.30]
Subtotal (95%CI)
1836
1908 25.8%
1.00 [0.57, 1.76]
Total events
78
77
2
2
2
Heterogeneity: Tau = 0.43; χ = 20.72, df = 10 (P = 0.02); I = 52%
Test for overall effect: Z = 0.00 (P = 1.00)
MBP vs No MBP
Bhattacharjee 2015
11
38
6
Bretagnol 2007
3
89
1
Brownson 1992
5
86
7
Burke 1994
4
82
3
Contant 2007
90
670
96
Fa-si-oen 2005
9
125
7
Fillmann 1995
1
30
2
Hu 2017
9
76
2
Jung 2006
4
27
1
Jung 2007
54
686
42
Kim 2014
52
1363
73
kiran 2015
349
6146
190
Leiro 2008
10
64
10
Memon 1997
4
61
10
Miettinen 2000
5
138
3
Miron 2008
9
60
7
Pena-Soria 2008
16
65
11
Ram 2005
16
164
10
Roig 2010
5
39
13
Sasaki 2012
0
38
0
Young Tabusso 2002
2
24
0
Subtotal (95%CI)
10071
Total events
658
494
2
2
Heterogeneity: Tau = 0.08; χ = 32.88, df = 19 (P
Test for overall effect: Z = 0.17 (P = 0.87)

33
89
93
87
684
125
30
72
17
657
1112
2296
65
75
129
39
64
165
69
41
23
5965

2.8%
0.9%
2.6%
1.8%
9.3%
3.3%
0.8%
1.7%
0.9%
8.0%
8.6%
10.5%
3.6%
2.6%
1.9%
3.0%
4.2%
4.4%
2.9%
0.5%
74.2%

Odds ratio
M-H, random, 95%CI

1.83 [0.59, 5.67]
3.07 [0.31, 30.09]
0.76 [0.23, 2.49]
1.44 [0.31, 6.62]
0.95 [0.70, 1.30]
1.31 [0.47, 3.63]
0.48 [0.04, 5.63]
4.70 [0.98, 22.56]
2.78 [0.28, 27.27]
1.25 [0.82, 1.90]
0.56 [0.39, 0.81]
0.67 [0.56, 0.80]
1.02 [0.39, 2.64]
0.46 [0.14, 1.53]
1.58 [0.37, 6.74]
0.81 [0.27, 2.38]
1.57 [0.67, 3.72]
1.68 [0.74, 3.81]
0.63 [0.21, 1.93]
Not estimable
5.22 [0.24, 114.87]
0.98 [0.78, 1.24]

2

= 0.02); I = 42%

Total (95%CI)
11907
7873 100.0%
0.99 [0.80, 1.24]
2
2
2
Heterogeneity: Tau = 0.11; χ = 54.07, df = 30 (P = 0.005); I = 45%
Test for overall effect: Z = 0.05 (P = 0.96)
2
2
Test for subgroup differences: χ = 0.00, df = 1 (P = 0.95), I = 0%
0.01

0.1
Favours MBP

1

10

100

Favours No MBP

Figure 3 Forest plot comparing overall surgical site infection rates for patients receiving mechanical bowel preparation vs either a single rectal enema (top)
or absolutely no preparation (bottom). A Mantel-Haenszel random effects model was used to perform the meta-analysis and odds ratios are quoted including 95%
confidence intervals. MBP: Mechanical bowel preparation.
[66]

-0.12 d, 95%CI: -1.48 to 1.25, p = 0.87).

Mortality S

[29,37,40,45-49,51-54,56,57,59,60,

Mortality was reported in 25 studies
65,66,68,69,71-74,77]
that included 16657 patients (Figure 6).
The time point this outcome measure was measured
was variable between studies, with the majority taken
[29,37,45-49,51,53,60,65,69,71,73,77]
at 30 d
, two taken at first
outpatient clinic quoted to be approximately two weeks
[40]
following hospital discharge
or four weeks following

WJG|www.wjgnet.com

[56]

surgery , one at two months
and one at three
[52]
months , with six papers not stating when mortality
[54,57,59,68,72,74]
was taken from
. No difference was seen
with the use of full MBP, single rectal enema or no
preparation at all.
A similar result was seen, with no significant
differences, when this comparison was made using
[37,40,45-49,51-54,56,57,59,60,65]
only randomised controlled trials
(Supplementary Figure 5a). However, in observational
[29,66,68,69,71-74,77]
studies
, MBP was associated with a
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MBP
No MBP
Odds ratio
Study or subgroup Events Total Events
Total Weight
M-H, random, 95%CI
MBP vs rectal enema
Allaix 2015
4
706
7
829
4.8%
0.67 [0.20, 2.30]
Bertani 2011
2
114
1
115
1.5%
2.04 [0.18, 22.77]
Bucher 2005
1
78
2
75
1.5%
0.47 [0.04, 5.34]
Chan 2016
1
159
2
97
1.5%
0.30 [0.03, 3.36]
Otchy 2014
3
86
2
79
2.5%
1.39 [0.23, 8.55]
Pitot 2009
1
59
0
127
0.9%
6.54 [0.26, 162.92]
Platell 2006
1
147
1
147
1.2%
1.00 [0.06, 16.14]
Veenhof 2007
2
78
8
71
3.2%
0.21 [0.04, 1.01]
Yamada 2014
6
152
2
106
3.1%
0.21 [0.42, 10.80]
Zmora 2003
2
187
2
193
2.2%
2.14 [0.14, 7.41]
Subtotal (95%CI)
1766
1839 22.3%
0.83 [0.45, 1.51]
Total events
23
27
22.3%
2
2
2
Heterogeneity: Tau = 0.00; χ = 7.75, df = 9 (P = 0.56); I = 0%
Test for overall effect: Z = 0.62 (P = 0.54)

Odds ratio
M-H, random, 95%CI

MBP vs No MBP
Bhattacharjee 2015
3
38
1
33
1.6%
2.74 [0.27, 27.73]
Bretagnol 2007
4
61
2
52
2.7%
1.75 [0.31, 9.99]
Bretagnol 2010
1
89
7
89
1.9%
0.13 [0.02, 1.11]
Brownson 1992
8
86
2
93
3.2%
4.67 [0.96, 22.63]
Contant 2007
15
670
32
684 10.9%
0.47 [0.25, 0.87]
Hu 2017
8
76
1
72
1.9%
8.35 [1.02, 68.57]
Jung 2006
5
686
11
657
5.9%
0.43 [0.15, 1.25]
Kim 2014
22 1363
33
1112 12.2%
0.54 [0.31, 0.93]
Kiran 2015
284 6146
163
2296 18.2%
0.63 [0.52, 0.77]
Leiro 2008
1
64
0
65
0.9%
3.09 [0.12, 77.38]
Memon 1997
3
61
2
75
2.5%
1.89 [0.31, 11.68]
Miettinen 2000
3
138
4
129
3.4%
0.69 [0.15, 3.16]
Miron 2008
1
60
0
39
0.9%
1.99 [0.08, 50.14]
Pena-Soria 2008
3
65
0
64
1.0%
7.22 [0.37, 142.73]
Ram 2005
1
164
1
165
1.2%
1.01 [0.06, 16.22]
Roig 2010
4
39
6
69
4.2%
1.20 [0.32, 4.54]
Sasaki 2012
1
38
1
41
1.1%
1.08 [0.07, 17.91]
Tahirkheli 2013
5
48
2
48
2.9%
2.67 [0.49, 14.52]
Young tabusso 2002
3
24
0
23
1.0%
7.65 [0.37, 156.84]
Subtotal (95%CI)
9916
5806 77.7%
0.92 [0.62, 1.34]
Total events
375
268
2
2
2
Heterogeneity: Tau = 0.18; χ = 30.24, df = 18 (P = 0.04); I = 40%
Test for overall effect: Z = 0.45 (P = 0.65)
Total (95%CI)
11682
7645 100.0%
0.86 [0.63, 1.17]
2
2
2
Heterogeneity: Tau = 0.13; χ = 38.38, df = 28 (P = 0.09); I = 27%
Test for overall effect: Z = 0.96 (P = 0.34)
2
2
Test for subgroup differences: χ = 0.08, df = 1 (P = 0.78), I = 0%

0.01

0.1
Favours MBP

1

10

100

Favours No MBP

Figure 4 Forest plot comparing overall intra-abdominal collection rates for patients receiving mechanical bowel preparation vs either a single rectal
enema (top) or absolutely no preparation (bottom). A Mantel-Haenszel random effects model was used to perform the meta-analysis and odds ratios are quoted
including 95% confidence intervals. MBP: Mechanical bowel preparation.

significant reduction in mortality (OR = 0.50, 95%CI:
0.34 to 0.74, p = 0.0005) (Supplementary Figure
5b). A significant reduction in the incidence of intraabdominal collection was seen in the subgroup of
patients in observational studies who underwent MBP vs
[29,68,71,73]
absolutely no preparation
(OR = 0.42, 95%CI:
0.27 to 0.56, p < 0.0001). However, no difference
was seen in those undergoing MBP vs a single rectal
[66,69,72,74,77]
enema
(OR = 0.99, 95%CI: 0.41 to 2.41, p
= 0.98).

Reoperation

reoperation rates (Figure 7). Overall the use of MBP
vs no MBP did not impact upon requirement for
[29,40,46,49,51-57, 59,65,68,69,71,72,74,76,77]
reoperation
(OR = 0.91,
95%CI: 0.75 to 1.12, p = 0.38), nor when MBP vs a
[51,53,69,72,74,76,77]
single rectal enema
(OR = 0.82, 95%CI:
0.42 to 1.60, p = 0.56) or MBP vs absolutely no
[29,40,46,49,52,54-57,59,65,68,71]
preparation
(OR = 0.85, 95%CI:
0.72 to 1.01, p = 0.06) were compared.
When only randomised controlled trials were
[40,46,49,51-57,59,65]
examined
(Supplementary Figure 6a),
again no difference was seen by the use of MBP, a
single rectal enema or absolutely no preparation. When
[29,68,69,71,72,74,76,77]
observational studies were examined
(Supplementary Figure 6b) overall MPB resulted in no

[29,40,46,49,51-57,59,65,

A total of 20 studies on 16742 patients
68,69,71,72,74,76,77]
examined the impact of MBP upon
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Table 4 Effect of bowel preparation on outcome in patients undergoing rectal surgery
Number of participants (MBP vs No MBP) Odds ratio (95%CI), MBP vs No MBP
Anastomotic leak
Surgical site infection
Intra-abdominal collection
Mortality
Re-operation

2351 (1042 vs 1309)
965 (513 vs 452)
921 (486 vs 435)
813 (419 vs 394)
1660 (688 vs 392)

P value

0.86 (0.64 to 1.15)
1.22 (0.82 to 1.81)
0.54 (0.21 to 1.38)
0.73 (0.29 to 1.82)
1.57 (1.02 to 2.43)

0.30
0.33
0.20
0.50
0.04

Data from[39,45,46,50,56,57,59,71,75-77]. MBP: Mechanical bowel preparation.

MBP
No MBP
Mean difference
Study or subgroup
Mean
SD Total Mean
SD Total Weight Ⅳ,random, 95%CI
MBP vs rectal enema
Allaix 2015
8.64 6.24
706
8.01 6.08 829
7.8%
0.63 [0.01, 1.25]
Bertani 2011
7
3.2
114
6 3.3 115
7.3%
1.00 [0.16, 1.84]
Bucher 2005
14.9 13.1
78
9.9 3.8
75
2.8%
5.00 [1.97, 8.03]
Chan 2016
5.6
7.1
159
6.8
7.3
97
4.9% -1.20 [-3.02, 0.62]
Otchy 2014
6
4.3
86
5 4.3
79
6.1% 1.00 [-0.31, 2.31]
Pitot 2009
8
16
59
5 19.8 127
1.2% 3.00 [-2.34, 8.34]
Platell 2006
9
3.1
147
9.4 4.3 147
7.2% -0.40 [-1.26, 0.46]
Veenhof 2007
8
4.4
78
8 4.4
71
5.9% 0.00 [-1.41, 1.41]
Subtotal (95%CI)
1427
1540 43.1% 0.56 [-0.19, 1.30]
2
2
2
Heterogeneity: Tau = 0.62; χ = 19.44, df = 7 (P = 0.007); I = 64%
Test for overall effect: Z = 1.45 (P = 0.15)

Mean difference
Ⅳ, random, 95%CI

MBP vs No MBP
Ali 2007
10
3.8
109
15 13.1 101
3.3% -5.00 [-7.65, -2.35]
Bretagnol 2007
12 11.25
61
10
8.5
52
2.2%
2.00 [-1.65, 5.65]
Bretagnol 2010
14
9
89
16
12
89
2.7% -2.00 [-5.12, 1.12]
Contant 2007
10
4.4
670
10
3.7 684
8.1%
0.00 [-0.43, 0.43]
Fa-Si-Oen 2005
10 36.5
125
9
8.5 125
0.8%
1.00 [-5.57, 7.57]
Jung 2006
8.6
7
686
8.8
6.9 657
7.5% -0.20 [-0.94, 0.54]
Memon 1997
13.25
0.8
61 16.17 1.75
75
8.1% -1.92 [-2.36, -1.48]
Miettinen 2000
4.8
1.6
138
5
2 129
8.1% -0.20 [-0.64, 0.24]
Ram 2005
8.2
5.1
164
8
2.7 165
7.2%
0.20 [-0.68, 1.08]
Roig 2010
9.1
6.2
39
9.2
8.7
69
3.1% -0.10 [-2.93, 2.73]
Sasaki 2012
19.9 24.25
38
15.5 18.25
41
0.4% 4.40 [-5.12, 13.92]
Young tabusso 2002
14
3
24
11
2.3
23
5.6%
3.00 [1.48, 4.52]
Subtotal (95%CI)
2204
2210 56.9% -0.28 [-1.12, 0.56]
2
2
2
Heterogeneity: Tau = 1.26; χ = 84.50, df = 11 (P < 0.00001); I = 87%
Test for overall effect: Z = 0.65 (P = 0.52)
Total (95%CI)
3631
3750 100.0%
0.11 [-0.51, 0.73]
2
2
2
Heterogeneity: Tau = 1.20; χ = 124.12, df = 19 (P < 0.00001); I = 85%
Test for overall effect: Z = 0.35 (P = 0.72)
2
2
Test for subgroup differences: χ = 2.11, df = 1 (P = 0.15), I = 52.5%

-4

-2

Favours MBP

0

2

4

Favours No MBP

Figure 5 Forest plot comparing overall hospital length of stay for patients receiving mechanical bowel preparation vs either a single rectal enema (top) or
absolutely no preparation (bottom). An inverse-variance random effects model was used to perform the meta-analysis and mean differences are quoted including
95% confidence intervals. MBP: Mechanical bowel preparation.

had undergone rectal surgery. Ten studies compared
MBP with no MBP, with just one study comparing MBP
[45]
[77]
with a single rectal enema . All studies except one
included data on anastomotic leak rates, finding MBP
not to be associated with any difference in incidence
(OR = 0.86, 95%CI: 0.64 to 1.15, p = 0.30). Only
[39,45,46,50,71,75,77]
seven studies
included data on SSI,
which also demonstrated no significant difference
(OR = 1.22, 95%CI: 0.82 to 1.81, p = 0.33). Intraabdominal collection and mortality data were similarly
[39,45,46,71,77]
[39,45,46,71]
only available for five
and four studies
respectively, neither of which were associated with
the use of MBP (OR = 0.54, 95%CI: 0.21 to 1.38, p =

significant reduction in the reoperation rate vs those
who did not have bowel preparation but may have had
a rectal enema (OR = 0.86, 95%CI: 0.64 to 1.15, p =
0.30), as well as when those who has a single rectal
enema (OR = 0.82, 95%CI: 0.44 to 1.52, p = 0.52),
however a significant difference was seen when MBP
was compared with patients who received absolutely no
preparation (OR = 0.78, 95%CI: 0.63 to 0.97, p = 0.02).

Rectal surgery

[39,45,46,50,56,57,59,71,75-77]

A total of 11 studies
included either
only patients who were undergoing rectal or surgery,
or outcome measures for the subgroup of patients who
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MBP
No MBP
Odds ratio
Study or subgroup
Events
Total Events
Total Weight M-H, random, 95%CI
MBP vs rectal enema
Allaix 2015
5
706
6
829
8.0%
0.98 [0.30, 3.22]
Bertani 2011
0
114
0
115
Not estimate
Bucher 2005
0
78
0
75
Not estimate
Chan 2016
1
159
0
97
1.5%
1.85 [0.07, 45.75]
Moral 2009
2
70
0
69
1.6%
5.07 [0.24, 107.62]
Pitot 2009
1
59
1
127
1.9%
2.17 [0.13, 35.34]
Platell 2006
4
147
1
147
2.9%
4.08 [0.45, 36.98]
Veenhof 2007
2
78
3
71
4.1%
0.60 [0.10, 3.68]
Yamada 2014
0
152
0
106
Not estimate
Zmora 2003
3
187
3
193
5.0%
1.03 [0.21, 5.18]
Subtotal (95%CI)
1750
1839 25.0%
1.27 [0.62, 2.61]
Total events
18
14
2
2
2
Heterogeneity: Tau = 0.00; χ = 3.00, df = 6 (P = 0.81); I = 0%
Test for overall effect: Z = 0.65 (P = 0.51)
MBP vs rectal MBP
Bhattacharjee 2015
1
38
Bretagnol 2007
0
61
Bretagnol 2010
1
89
Burke 1994
2
82
Contant 2007
20
670
Fa-Si-Oen 2005
2
125
Fillman 1995
0
30
Jung 2006
6
686
Kiran 2015
31
6146
Leiro 2008
1
64
Memon 1997
2
61
Miettinen 2000
0
138
Pena-Soria 2008
3
65
Ram 2005
2
164
Roig 2010
4
39
Subtotal (95%CI)
8458
Total events
75
2
2
Heterogeneity: Tau = 0.19; χ = 17.30, df =
Test for overall effect: Z = 1.06 (P = 0.29)

1
1
0
0
26
1
0
6
37
2
0
0
4
2
5

33
52
89
87
684
125
30
657
2296
65
75
129
64
165
69
4620

1.9%
1.4%
1.4%
1.6%
17.7%
2.5%
8.6%
20.5%
2.4%
1.6%
5.4%
3.6%
6.5%
75.0%

Odds ratio
M-H, random, 95%CI

0.86 [0.05, 14.39]
0.28 [0.01, 7.00]
3.03 [0.12, 75.48]
5.43 [0.26, 114.92]
0.78 [0.43, 1.41]
2.02 [0.18, 22.52]
Not estimate
0.96 [0.31, 2.98]
0.31 [0.19, 0.50]
0.50 [0.04, 5.66]
6.34 [0.30, 134.68]
Not estimate
0.73 [0.16, 3.38]
1.01 [0.14, 7.23]
1.46 [0.37, 5.80]
0.77 [0.47, 1.25]

85
2
12 (P = 0.14); I = 31%

Total (95%CI)
10208
6449 100.0%
Total events
93
99
2
2
2
Heterogeneity: Tau = 0.14; χ = 24.15, df = 19 (P = 0.19); I = 21%
Test for overall effect: Z = 0.79 (P = 0.43)
2
2
Test for subgroup differences: χ = 1.29, df = 1 (P = 0.26), I = 22.7%

0.85 [0.57, 1.27]

0.01

0.1
1
Favours MBP

10
Favours No MBP

100

Figure 6 Forest plot comparing overall mortality rates for patients receiving mechanical bowel preparation vs either a single rectal enema (top) or
absolutely no preparation (bottom). A Mantel-Haenszel random effects model was used to perform the meta-analysis and odds ratios are quoted including 95%
confidence intervals. MBP: Mechanical bowel preparation.

0.20; and OR = 0.73, 95%CI: 0.29 to 1.82, p = 0.50,
respectively). The results in patients undergoing rectal
surgery are summarized in Table 4.

analysed, there was, again, no significant difference by
preparation method in any clinical outcome measure.
Finally, when observational studies were analysed,
the use of full preparation was associated overall
with a reduced incidence of anastomotic leak, SSI,
intra-abdominal collection and mortality rates, with
these results mirrored in patients receiving MBP vs
absolutely no preparation, but no significant differences
in those receiving MBP vs a single rectal enema.
When a separate subgroup of just rectal surgery was
considered, MBP was not associated with a statistically
significant difference in anastomotic leak rates, SSI,
intra-abdominal collection or mortality, irrespective of
whether patients not receiving MBP were given a single

DISCUSSION
This meta-analysis of 23 randomised controlled trials
and 13 observational studies has demonstrated that,
overall, the use of MBP vs either absolutely no bowel
preparation or a single rectal enema was not associated
with a statistically significant difference in the incidence
of anastomotic leak, SSI, intra-abdominal collection,
mortality, reoperation or total hospital length of stay.
When just randomised controlled trial evidence was
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MBP
No MBP
Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI
MBP vs rectal enema
Allaix 2015
20 706
29 829
9.2%
0.80 [0.45, 1.43]
Bucher 2005
7
78
2
75
1.5%
3.60 [0.72, 17.91]
Chan 2016
4 159
6
97
2.2%
0.39 [0.11, 1.42]
Ji 2017
30 538
30 831
10.8%
1.58 [0.94, 2.65]
Pitot 2009
1
59
4 127
0.8%
0.53 [0.06, 4.85]
Platell 2006
0 147
6 147
0.5%
0.07 [0.00, 1.32]
Veenhof 2007
1
78
4
71
0.8%
0.22 [0.02, 1.99]
Subtotal (95%CI)
1765
2177
25.7%
0.82 [0.42, 1.60]
Total events
63
81
2
2
2
Heterogeneity: Tau = 0.36; χ = 13.34, df = 6 (P = 0.04); I = 55%
Test for overall effect: Z = 0.59 (P = 0.56)
MBP vs No MBP
Bhattacharjee 2015
1
Bretagnol 2007
6
Bretagnol 2010
12
Burke 1994
2
Contant 2007
58
Fa-Si-Oen 2005
11
Jung 2007
30
Kiran 2015
252
Leiro 2008
3
Miettinen 2000
4
Ram 2005
2
Roig 2010
6
Young tabusso 2002
0
Subtotal (95%CI)

38
61
89
82
670
125
686
6146
64
138
164
39
24
8326

1
6
5
4
58
13
35
120
5
2
2
12
0

33
52
89
87
684
125
657
2296
65
129
165
69
23
4474

0.5%
2.6%
3.1%
1.3%
16.3%
4.9%
11.4%
27.0%
1.7%
1.3%
1.0%
3.2%
74.3%

Odds ratio
M-H, random, 95%CI

0.86 [0.05, 14.39]
0.84 [0.25, 2.77]
2.62 [0.88, 7.77]
0.52 [0.09, 2.91]
1.02 [0.70, 1.50]
0.83 [0.36,1.93]
0.81 [0.49, 1.34]
0.78 [0.62, 0.97]
0.59 [0.14, 2.58]
1.90 [0.34, 10.53]
1.01 [0.14, 7.23]
0.86 [0.30, 2.52]
Not estimate
0.85 [0.72, 1.01]

Total events
387
263
2
2
2
Heterogeneity: Tau = 0.00; χ = 7.13, df = 11 (P = 0.79); I = 0%
Test for overall effect: Z = 1.87 (P = 0.06)
Total (95%CI)
10091
6651 100.0%
0.91 [0.75, 1.12]
Total events
450
344
2
2
2
Heterogeneity: Tau = 0.03; χ = 21.24, df = 18 (P = 0.27); I = 15%
Test for overall effect: Z = 0.88 (P = 0.38)
2
2
Test for subgroup differences: χ = 0.02, df = 1 (P = 0.90), I = 0%

0.05

0.2
1
5
Favours MBP
Favours No MBP

20

Figure 7 Forest plot comparing overall reoperation rates for patients receiving mechanical bowel preparation vs either a single rectal enema (top) or
absolutely no preparation (bottom). A Mantel-Haenszel random effects model was used to perform the meta-analysis and odds ratios are quoted including 95%
confidence intervals. MBP: Mechanical bowel preparation.

rectal enema.

charge may be appropriate.
2
With the exception of hospital length of stay (I =
85%), overall study heterogeneity was low to moderate
(0%-34%) for all clinical outcome measures, suggesting
the studies to be relatively homogeneous. The risk of
bias for the randomised controlled trials included in the
meta-analysis (Table 1) was relatively low.

Strengths of study

This study represents the most comprehensive ex
amination of the role of MBP prior to elective colorectal
surgery to date. As part of the study plan, the decision
was made to include observational studies as well as
randomised controlled trials. However, in order to ensure
that inclusion of studies of less rigorous methodology
did not exert an undue bias, a predetermined analysis
of studies of both methodologies was conducted.
This revealed that the overall results and those from
analysing just evidence from randomised controlled
trials were much the same. However, when analysing
evidence from observational studies, this resulted in
a significant reduction in anastomotic leak, SSI, intraabdominal collection and mortality rates. The reasons for
this difference in results is not clear from this study, but
it is possible that selection bias may exert a confounding
effect upon the results, and as such the use of MBP
in selected patients as determined by the physician in
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Limitations of study

As the raw mean and standard deviation data were
not available on the hospital LOS for all studies, despite
several attempts at obtaining this directly from the
authors, it was necessary to infer this from what was
available (either median and range or interquartile
range) using statistical techniques previously de
[42]
scribed . This is a valid technique which has been well
described previously, but this may exert some degree of
bias upon the results of the meta-analysis.
There was poor documentation within the studies
included regarding the side effects of MBP including
the incidence of electrolyte disturbance, fluid depletion
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and 6 single-group cohorts compared the use of oral
MBP with or without an enema vs no oral MBP with or
without an enema. This study found that MBP vs no
MBP was associated with no difference in the rates of
all-cause mortality (OR = 1.17, 95%CI: 0.67 to 2.67),
anastomotic leakage (OR = 1.08, 95%CI: 0.79 to
1.63), SSI (OR = 1.19, 95%CI: 0.56 to 2.63) as well as
wound infections, peritonitis or intra-abdominal abscess
or reoperation. This study however found considerable
variance in the estimation of treatment effects, possibly
due to the large range of study methodology included,
which may mask a treatment effect seen.
This topic has been reviewed by the Cochrane
[81-83]
Collaboration
, with the most recent review
[10]
conducted in 2011 . This included a total of 18
randomised controlled trials in elective colorectal surgery
(5805 patients), and demonstrated no statistically
significant evidence to support the use of MBP in either
low anterior resection, rectal or colonic surgery in terms
of anastomotic leakage or wound infection.
A previous meta-analysis has examined the role of
[12]
MBP prior to proctectomy
from eleven publications
(1258 patients), although extractable data were only
available in a limited number of studies for outcome
measures other than anastomotic leakage rates. This
[12]
study
found no beneficial effect from MBP prior to
proctectomy with regards to anastomotic leakage (OR
= 1.144, 95%CI: 0.767 to 1.708, p = 0.509), SSI (OR
= 0.946, 95%CI: 0.597 to 1.498, p = 0.812), intraabdominal collection (OR = 1.720, 95%CI: 0.527 to
5.615, p = 0.369) or postoperative mortality.

and requirement of resuscitation, and renal disturbance
or failure, hence this was not included as an outcome
within the meta-analysis.
Emerging evidence, much of which has been derived
from the studies based upon NSQIP datasets have
focused upon the combination between intraluminal
antibiotics and MBP and have demonstrated a reduction
in SSI rates. However, the data contained within the
studies included within this meta-analysis has been
scanty regarding the use of intraluminal antibiotics and
as such it has not been possible to include this data
within the meta-analysis. This may act as a potential
confounder when considering the effect of MBP and
clinical outcomes.
The studies contained predominantly mixed
populations of colonic and rectal procedures, with
inadequate documentation to differentiate results
between the two, which may be particularly important
in addressing the question regarding the use of a single
rectal enema as bowel preparation. In addition, there
was poor documentation regarding the nature of the
anastomoses within the studies included, with a mixture
of ileocolic, colon-colon and colorectal. The role of
mechanical bowel preparation in various anastomosis
types has not been well established. The majority of
studies included a predominance of colonic procedures,
with some focusing entirely on colonic rather than rectal
surgery. Only a small subgroup analysis was available to
analyse the impact of MBP in rectal surgery, from which
it is very difficult to draw strong conclusions. Further
studies are required to discern the importance of a preoperative enema in this setting. Similarly, the level of
documentation in studies regarding laparoscopic vs
open surgery was not sufficient in terms of correlation
with clinical outcome measures to be able to discern
the importance of MBP in this setting. Only one
recent observational study has focused entirely on
[74]
laparoscopic procedures
which demonstrated no
significant difference in the rates of intra-abdominal
septic complications by the use of MBP, and prior to this
[38,78]
evidence was purely based on several small studies
.
The nature of the MBP used was inconsistent
between studies, and this may introduce a further
[79]
bias . There was also poor documentation regarding
antibiotic usage, particularly in the early studies. Much of
the recent literature regarding preparation of the bowel
has focused upon the use of oral luminal antibiotics in
combination with MBP, with these studies suggesting
[26,27]
a potential role for this therapy
. A recent metaanalysis on this topic has demonstrated a significant
reduction in the risk of SSI in patients undergoing
elective colorectal surgery given oral systemic antibiotics
[80]
with MBP vs systemic antibiotics and MBP , thus
representing a further weakness in the studies included
in this meta-analysis.

Comparison with other studies

Health policy implications

Worldwide, elective colorectal surgery is performed
frequently. Current opinion regarding the use of MBP
[17,18]
prior to this surgery is inconsistent
, despite several
previous meta-analyses which have suggested this is
[9,10]
not useful in reducing postoperative complications
.
The use of MBP is not without cost implications, in
cluding the preparation itself and in elderly and frail
patients, MBP may also necessitate an additional stay in
hospital prior to surgery due to the risk of dehydration
and electrolyte disturbance which is associated with
considerable additional healthcare costs. This metaanalysis further reinforces that MBP is not associated
with any difference in postoperative complication
rates, mortality of hospital length of stay, particularly
in elective colonic surgery, and as such should not be
administered routinely.
In conclusion, this study represents the most
comprehensive meta-analysis to date on MBP in elective
colorectal surgery. It has demonstrated that MBP vs a
single rectal enema or no bowel preparation at all is not
associated with a statistically significant difference in any
of the clinical outcome measures studied. Given the risks
of electrolyte disturbance and patient dissatisfaction, as
well as potentially significant levels of dehydration and
requirement for pre-admission prior to surgery, MBP
should no longer be considered a standard of care prior

[8]

A recently published meta-analysis of 18 randomised
controlled trials, 7 non-randomised comparative studies,
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length of stay. When just randomised controlled trial evidence was analysed,
there was again no significant difference by preparation method in any clinical
outcome measure. Finally, when observational studies were analysed, the
use of full preparation was associated overall with a reduced incidence of
anastomotic leak, surgical site infection, intra-abdominal collection and mortality
rates, with these results mirrored in patients receiving MBP vs absolutely no
preparation, but no significant differences in those receiving MBP vs a single
rectal enema.

to elective colorectal surgery.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Mechanical bowel preparation for colorectal surgery has been surgical dogma
for decades, despite increasing evidence from the 1990s refuting its benefits.
The rationale behind the administration of mechanical bowel preparation
is that it reduces fecal bulk and, therefore, bacterial colonisation, thereby
reducing the risk of postoperative complications such as anastomotic leakage
and wound infection, as well as facilitate dissection and allow endoscopic
evaluation. Opponents argue that in the 21 st century, with rational use of
oral and intravenous prophylactic antibiotics there is no longer a place for
mechanical bowel preparation, that it may cause marked fluid and electrolyte
imbalance in the preoperative period. As a result of this inconclusive evidence,
practice varies between countries and even surgeons in the same institution.
We conducted a comprehensive meta-analysis encompassing both randomised
controlled trials and observational studies. We sought to address deficiencies in
previous studies by including all levels of evidence, separating those in which
patients received a single rectal enema vs full or no preparation.

Research conclusions

This study represents the most comprehensive examination of the role of
mechanical bowel preparation prior to elective colorectal surgery to date and
has demonstrated that, overall, the use of MBP vs either absolutely no bowel
preparation or a single rectal enema was not associated with a statistically
significant difference in the incidence of anastomotic leak, surgical site infection,
intra-abdominal collection, mortality, reoperation or total hospital length of stay.
Given the risks of electrolyte disturbance and patient dissatisfaction as well as
potentially significant levels of dehydration and requirement for pre-admission
prior to surgery, mechanical bowel preparation should no longer be considered
a standard of care prior to elective colorectal surgery.

Research perspectives

Research motivation

This study represents the most comprehensive meta-analysis to date
on mechanical bowel preparation in elective colorectal surgery. It has
demonstrated that mechanical bowel preparation vs a single rectal enema or
no bowel preparation at all is associated with no difference in any of the clinical
outcome measures studied. Mechanical bowel preparation should no longer
be considered a standard of care prior to elective colorectal surgery. Emerging
evidence, much of which has been derived from the studies based upon NSQIP
datasets, has focused upon the combination between intraluminal antibiotics
and mechanical bowel preparation and has demonstrated a reduction in SSI
rates. However, the data contained within the studies included within this metaanalysis have been scanty regarding the use of intraluminal antibiotics and as
such it has not been possible to include these data within the meta-analysis.
Further work on this topic should focus upon the role of intraluminal antibiotics
in the setting of elective colorectal surgery.

The main topics focused on by this meta-analysis are the role of mechanical
bowel preparation vs no preparation or rectal enema alone on postoperative
infective complications in patients undergoing elective colorectal surgery,
as well as in patients undergoing purely rectal resection. This meta-analysis
also sought to examine evidence from both randomized controlled trials and
observational studies and compare the results of meta-analyses conducted
from these evidence sources.

Research objectives

The aims for this meta-analysis were to analyse the effect of mechanical bowel
preparation vs no preparation or rectal enema alone on postoperative infective
complications in patients undergoing elective colorectal surgery, to examine the
differences in results between evidence obtained from randomised controlled
trials and observational studies, and to determine what effect, if any, bowel
preparation had on postoperative complications in rectal surgery. These aims
were all achieved by this meta-analysis.
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Abstract
We report our experience with a synchronous case of
gastrointestinal stromal tumor (GIST) and intraductal
papillary neoplasm of the bile duct (IPNB) in an

Informed consent statement: Written informed consent was
obtained from the patient for publication of this case report and
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elderly woman with neurofibromatosis type 1 (NF-1).
A 72-year-old woman presented with a 2-mo history
of right upper abdominal pain unrelated to diet and
indigestion. Fourteen years earlier, she had been
diagnosed with NF-1, which manifested as café au
lait spots and multiple nodules on the skin. Computed
tomography (CT) revealed a multilocular low-density
mass with septation, and mural nodules in the right
hepatic lobe, as well as a 1.7-cm-sized well-demarcated
enhancing mass in the third portion of the duodenum.
The patient subsequently underwent right hepatectomy
and duodenal wedge resection. We present here the
first report of a case involving a synchronous IPNB and
GIST in a patient with NF-1. Our findings demonstrate
the possibility of various tumors in NF-1 patients and
the importance of diagnosis at an early stage

adenocarcinoma occurs at significantly lower frequency
relative to other tumor types although the risk remains
[2,3]
high . To date, intraductal papillary neoplasm of the
bile duct (IPNB) has not been reported in a patient with
NF-1 patient. Additionally, few reports have described
cases of multiple synchronous gastrointestinal tumors
in patients with NF-1. In this report, we present a
first case of NF-1 patient with coexisting intra-ductal
papillary adenocarcinoma of biliary duct and duodenal
GIST.

CASE REPORT
A 72-year-old woman presented with a 2-mo history
of right upper abdominal pain unrelated to her diet and
indigestion. An examination revealed multiple nodules
over her face and body, café au lait spots on the body
and limbs, and scoliosis (Figure 1). Fourteen years
earlier, she had undergone surgical treatment after
receiving a diagnosis of adrenal tumors. Additionally,
she was diagnosed with NF-1 after a chromosomal
abnormality was detected. Pathology identified the
adrenal tumor as a mucinous cystadenoma, but the
patient was not subsequently followed up.
At admission, physical examination revealed a
negative Murphy’s sign. The initial laboratory findings
were as follows: aspartate transaminase, 19 IU/L; alanine
transaminase, 13 IU/L; total bilirubin, 0.43 mg/dL;
alkaline phosphatase, 102 IU/L; γ-glutamyltransferase,
70 IU/L; and carcinoembryonic antigen 3.4 ng/mL. How
ever, her cancer antigen (CA) 19-9 level was elevated
to 211.3 IU/mL. Abdominal computed tomography
(CT) revealed a low-attenuated multilocular mass
with septation and a mural nodule with a soft tissueenhancing lesion in the right hepatic lobe (Figure
2a). CT also indicated diffuse intrahepatic duct (IHD)
dilatation, especially in the right hepatic lobe, where
a suspicious soft tissue lesion was connected to the
IHD. In addition, a 1.7-cm-sized, well-demarcated
enhancing mass was observed in the third portion of
the duodenum (Figure 2b) Magnetic resonance (MR)
cholangiopancreatography showed a lobulated cystic
mass in the right hepatic lobe with multifocal intramural
enhancing nodules and suspicious communication
with the IHD, indicating a malignant transformation
(Figure 3). There were no specific findings on brain MR
for central nervous system evaluation. We decided to
perform a surgical resection histological diagnostic and
treatment purposes. Accordingly, the patient underwent
right hepatectomy and duodenal wedge resection.
Pathologically, the resected mass from the third portion
of the duodenum had a rounded border, contained spindle
cells, and was positive for c-kit immunohistochemistry.
This led to a diagnosis of a benign GIST (Figure 4).
The resected hepatic mass was a multilocular cystic
neoplasm with septation and a mural nodule (Figure
5a). This lesion communicated with the segmental bile
duct, but was not connected to the main bile duct (Figure
5b). In the dilated bile duct, a normal epithelial lining

Key words: Neurofibromatosis type 1; Intraductal
papillary neoplasm of the bile duct; Gastrointestinal
stromal tumor; Synchronous
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We reported the world wide first case of
intraductal papillary adenocarcinoma of bile duct in
neurofibromatosis type 1 (NF-1) patient. Because
patients with NF-1 have a mutation of the NF-1 gene
associated with multiple tumors such as neuroma,
and gastrointestinal stromal tumor, consideration for
multiple tumors in NF-1 patients would be helpful.
Lee JM, Lee JM, Hyun JJ, Choi HS, Kim ES, Keum B,
Jeen YT, Chun HJ, Lee HS, Kim CD, Kim DS, Kim JY.
Intraductal papillary bile duct adenocarcinoma and gastrointestinal
stromal tumor in a case of neurofibromatosis type 1. World J
Gastroenterol 2018; 24(4): 537-542 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v24/i4/537.htm DOI: http://
dx.doi.org/10.3748/wjg.v24.i4.537

INTRODUCTION
Neurofibromatosis type 1 (NF-1) is an autosomal
dominant disorder with an incidence of 1 per 3000
[1]
births and a prevalence of 1 per 4-5000 individuals .
Typically, NF-1 manifests clinically as café-au-lait spots,
cutaneous neurofibromas, cognitive impairment, axillary
and/or inguinal freckling, Lisch nodules (i.e., pigmented
[2]
hamartoma of the iris), and bony dysplasia . Clinical
manifestations may vary systemically depending on
[1]
the type of mutation in NF1 ; furthermore, patients
with NF-1 have an increased incidence of both benign
and malignant neoplasms of the nervous system, skin,
[2]
muscle, and gastrointestinal tract . Approximately
10%-25% of patients with NF-1 are known to develop
[3]
neoplasms of the gastrointestinal tract . Gastro
intestinal stromal tumor (GIST) is the most common
gastrointestinal neoplasm in this population, whereas
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A

B

A

Figure 2 Computed tomography. A: A low-attenuated multilocular mass with
septation, and a mural nodule containing a soft tissue-enhancing lesion in the
right hepatic lobe (white arrow); B: Diffuse intrahepatic duct (IHD) dilatation,
especially in the right hepatic lobe, with a suspicious soft tissue lesion
connected to the IHD. A 1.7-cm-sized, well-demarcated enhancing mass is
observed in the third portion of the duodenum (white arrow). 300 mm × 225 mm
(300 × 300 DPI).

Figure 1 General appearance. A and B: A patient diagnosed with neuro
fibromatosis type 1 presented with café au lait spots on the skin. 300 mm × 225 mm
(300 × 300 DPI).

with an abrupt papillary epithelial portion suggested
IPNB (Figure 5c). In a microscopy, multifocal stromal
invasion and a tubulopapillary mucin component were
visible, suggesting an invasive adenocarcinoma with
high-grade dysplasia (Figure 5d). This case described
very early stage of IPNB having component of invasive
carcinoma arising from most high-grade dysplasia
without regional organ involvement, and distant
metastasis.
The patient was discharged without any post
operative complications and has remained stable for
8 mo after surgery. During every 3 mo follow-up after
discharge, there was no recurrence on follow-up CT
scan.

is important to reduce the risk of transformation
to malignancy. Notably, these GISTs rarely harbor
mutations in KIT and PDGFRA (encodes platelet[10,11]
derived growth factor receptor-alpha)
.
NF-1 is associated with an increased risk of tumors
such as neurofibroma and optic pathway ganglioma,
but not with gastrointestinal tract adenocarcinoma. As
mentioned earlier, IPNB has not previously been reported
in patients with NF-1. The term IPNB encompasses
both intraductal papillary cholangiocarcinoma and
its precursor lesion. IPNB is mainly caused by
hepatolithiasis and clonorchiasis, and 40%-80% of these
lesions comprise an invasive carcinoma or tubular or
[12,13]
mucinous adenocarcinoma
. The laboratory findings
of IPNB mainly involve obstructive jaundice patterns
with bilirubin elevation, with elevated CA 19-9 levels in
[14]
approximately 40% of patients .
In the absence of distant metastasis, surgical
[12,14]
resection is the first treatment option for IPNB
.
Hepatectomy is performed for IPNB in the IHD, whereas
surgical resection is performed for cases involving the
common bile duct. In the absence of an increased
recurrence risk (i.e., positive lymph node or advanced
tumor invasion), subsequent liver transplantation may
[15]
be an additional treatment option . In the presence
of distant metastasis, percutaneous transhepatic biliary
drainage, a palliative treatment, helps to improve
obstructive jaundice. Patients with IPNB tend to have
a better prognosis relative to those with conventional
[16]
bile duct cholangiocarcinoma . However, prognostic
factors include the biology of IPNB and the intraductal
[12,13,16]
growth pattern
.
In the present case, a patient with NF-1 presented
with various gastrointestinal tumors, including GIST
and IPNB, and a benign mucinous cystadenoma of
the adrenal gland. As noted earlier, gastrointestinal
neoplasms are mostly asymptomatic in patients with
[2]
NF-1. Kistler et al noted that there are currently no
screening guidelines for gastrointestinal tumors in
patients with NF-1, regardless of tumor type. Although
sufficient clinical evidence of the screening of older

DISCUSSION
NF-1, which is also known as von Recklinghausen’s
disease, is an inherited disorder caused by a mutation
of NF1 (chromosome 17q11.2), which acts as a tumor
[1]
suppressor gene . A previous study reported that
intra-abdominal manifestations of NF-1 occurred
[4,5]
at frequencies of 5%-25%
. Intra-abdominal
manifestations are known to develop after middle age,
particularly following cutaneous manifestations. With
age, patients with NF-1 experience increased numbers
[6]
of both benign and malignant tumors . Neurofibroma
is the most common type of benign tumor experienced
by NF-1 patients, whereas optic pathway glioma is a
[7]
common intracranial neoplasm .
NF1 encodes a protein called neurofibromin, which
regulates RAS activity. RAS activates the stem cell
factor/c-KIT signaling pathway and the mitogenactivated protein kinase pathway, leading to cell
[8]
proliferation . This activation has been linked to a
wide spectrum of clinical manifestations of NF-1,
[9]
including associated tumors . GIST is the most
common gastrointestinal manifestation associated with
[9]
NF-1 . Most GISTs in these patients are small and
asymptomatic, and follow a benign course. Given the
asymptomatic nature of smaller GISTs, early diagnosis
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A

B

Figure 3 Magnetic resonance cholangiopancreatography. A: A lobulated cystic mass in the right hepatic lobe with multifocal intramural enhancing nodules (white
arrow); B: The connection of the cystic mass with the intrahepatic duct indicated a malignant transformation (white arrow). 300 mm × 225 mm (300 × 300 DPI).

B

A

C

Figure 4 Histologic findings of gastrointestinal stromal tumor. A: A mass with rounded border, resected from the third portion of the duodenum. (HE, 40
× magnification); B: The resected duodenal mass contained many spindle cells. (HE, 100 ×); C: Positive immunohistochemistry for c-kit suggested GIST. (c-kit
immunostain, 100 ×). 300 mm × 225 mm (300 × 300 DPI). GIST: Gastrointestinal stromal tumor.

A

B

D

C

Figure 5 Histologic findings of intraductal papillary neoplasm of bile duct. A: The resected hepatic mass was a multilocular cystic neoplasm with septation
and a mural nodule; B: It had communication to segmental bile duct, although it was not connected to main bile duct (white arrow: Main bile duct); C: In the dilated
bile duct, normal epithelial lining with abrupt papillary epithelial portions suggests IPNB. (HE, 100 ×); D: Multifocal stromal invasion multifocal stromal invasion with a
tubulopapillary mucin component, suggestive of invasive adenocarcinoma with high-grade dyplasia. (HE, 40 ×). 300 mm × 225 mm (300 × 300 DPI).
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Treatment

NF-1 patients is lacking, it would be advisable to
routinely perform endoscopic and CT examinations
of older (i.e., beyond middle-aged) patients to screen
for gastrointestinal neoplasms, including GIST. This
case also demonstrates the possibility of an increased
CA 19-9 level with IPNB, and suggests that screening
procedures should include CA 19-9 and other potential
diagnostic tumor biomarkers may be used as diag
nostic biomarker for IPNB in NF-1 patients.
Although there were similar cases of periampullary
[17,18]
tumors with GIST in NF-1 patients
or GIST and
somatostatinoma in patients with Von Recklinghausen’s
[19]
Disease , this is the first case in the global literature to
demonstrate synchronous IPNB and GIST in a patient
with NF-1. According to the references, the prognosis
is determined by depth of invasion, component of
[12]
invasive carcinoma, and grade . We expected a long
recurrence-free survival because this case did not have
poor prognostic factor. In previous report, the effect
of NF-1 on tumor prognosis has not been reported.
However, considering the increased risk of developing
tumors due to genetic abnormalities, the possibility
that NF-1 may be associated with the prognosis of
malignant tumors should be considered. Although these
tumors are generally very rare, suspicion and early
diagnosis are important for asymptomatic patients
with NF-1. Further clinical data is needed to establish a
guideline for screening gastrointestinal tumors in this
patient population.

Surgical resection was curative treatment. Both GIST and IPNB were
successfully resected.

Related reports

NF-1 is associated with an increased risk of tumors. Recently, there were
related reports: case of a mixed periampullary adenocarcinoma and a
somatostatinoma with a gastrointestinal stromal tumor in NF-1 patients, triad of
periampullary carcinoid, duodenal gastrointestinal stromal tumor and plexiform
neurofibroma at hepatic hilum in NF-1.

Term explanation

IPNB is a variant of bile duct carcinoma that is characterized by intraductal
growth. It have better outcomes compared with common cholangiocarcinoma.

Experiences and lessons

Suspicion and early diagnosis are important for asymptomatic patients with
NF-1.
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Abstract
We herein report a case of neuroendocrine carcinoma
of the gastric stump found 47 years after Billroth II
gastric resection for a benign gastric ulcer. A 74-yearold man was referred to another hospital with melena.
Endoscopic examination revealed a localized ulcerative
lesion at the gastrojejunal anastomosis. The diagnosis
by endoscopic biopsy was neuroendocrine carcinoma.
A total gastrectomy of the remnant stomach with D2
lymphadenectomy was performed at our hospital. The
lesion invaded the subserosa, and metastasis was
found in two of nine the lymph nodes retrieved. The
lesion was positive for synaptophysin and chromogranin
A, and the Ki-67 labeling index was 60%. The diagnosis
of neuroendocrine carcinoma of the gastric stump
was confirmed using World Health Organization 2010
criteria. Subsequently, the patient underwent one
course of adjuvant chemotherapy with the etoposide
plus cisplatin (EP) regimen; however, treatment was
discontinued due to grade 3 myelosuppression. The
patient showed lymph node metastasis in the region
around the gastrojejunal anastomosis in the abdominal
cavity 7 mo post-surgery. He then underwent ra
diotherapy and platinum-based combination che
motherapy; however, the disease progressed and
liver recurrence was observed on follow-up computed
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tomography at 16 mo post-surgery. The patient then
received chemotherapy with regimens used for the
treatment of small cell lung cancer in first- and secondline settings. The patient died of disease progression
31 months after surgery.

biopsy of the tumor was performed. Pathologic
examination of the biopsies revealed nests of tumor
cells with poor differentiation. The cells showed diffuse
positivity for synaptophysin and chromogranin A. Based
on biopsy results, the patient was diagnosed with NEC.
A total gastrectomy of the remnant stomach with
D2 lymphadenectomy and Billroth Ⅱ reconstruction
was performed at our hospital. A low-power histological
view revealed that tumor cells had invaded entire
layers of the stomach wall and showed infiltrative
growth from the muscularis propria to the serosa with
angiolymphatic invasion and carcinoma cell embolus
(Figure 2). The TNM classification was T3N0M0 (stage
IIIA). High-power views revealed monotonous large
tumor cells with abundant cytoplasm and large irregular
nuclei containing prominent nucleoli; mitotic figures
were also observed (60 per 10 high-power fields).
Immunohistochemical staining revealed that the tumor
cells were positive for chromogranin A, CD56, and
synaptophysin. The Ki-67 labeling index was 60%.
Thus, the diagnosis of gastric stump large-cell NEC was
confirmed (Figure 3).
The patient’s postoperative course was favorable,
and he was subsequently discharged from the hospital.
The patient also commenced a course of adjuvant
chemotherapy (EP regimen: 20 mg cisplatin on day
1 and 100 mg etoposide on days 1-4, once a month
for one course). However, he experienced grade 3
myelosuppression as a side-effect after this first course
of chemotherapy, resulting in treatment suspension due
to patient refusal to undergo further treatment. Seven
months after the operation, CT scanning revealed lymph
node metastasis in the region around the gastrojejunal
anastomosis in the abdominal cavity (Figure 4); as a
result, the patient received six cycles of chemotherapy
(EP regimen: 20 mg cisplatin on days 1-4, and 100 mg
etoposide on days 1-3), to which a partial response
was achieved. Following this, at 13 mo post-surgery,
the patient underwent locoregional radiotherapy, with
a total of 60 Gy in 15 fractions. Follow-up CT scanning
revealed a recurrence in the liver at 16 mo post-surgery.
Two cycles of chemotherapy with the EP regimen were
given; however, the patient again experienced grade
3 myelosuppression and disease progression was
observed. He then received five cycles of chemotherapy
with 240 mg irinotecan on day 1 and 40 mg S-1 on
days 1-10, four cycles of chemotherapy with the
CAV regimen (0.5 g cyclophosphamide on day 1, 50
mg doxorubicin on days 1-2 and day 21, and 2 mg
vincristine on day 1), and two cycles of chemotherapy
(200 mg paclitaxel on day 1 and day 14). Despite this
treatment, the disease progressed and his performance
status deteriorated. He died 31 mo after the operation.

Key words: Gastric stump; Gastric stump cancer;
Neuroendocrine carcinoma
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The most common form of gastric stump
cancer is adenocarcinoma. Various types of mali
gnancies have been reported previously, but the
development of neuroendocrine carcinoma from the
gastric stump is rare. This case might contribute to
improving our understanding of the carcinogenesis,
biology, and behavior of gastric neuroendocrine
carcinoma and gastric stump cancer.
Ma FH, Xue LY, Chen YT, Xie YB, Zhong YX, Xu Q, Tian YT.
Neuroendocrine carcinoma of the gastric stump: A case report and
literature review. World J Gastroenterol 2018; 24(4): 543-548
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i4/543.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i4.543

INTRODUCTION
Gastric stump cancer (GSC) is a well-known long-term
complication after distal gastrectomy, and has been
reported to account for 1%-8% of all gastric cancers.
[1]
The most common form of GSC is adenocarcinoma ,
although various types of gastric stump malignancies
[2-6]
have been reported . Development of neuroendocrine
carcinoma (NEC) from the gastric stump is extremely
rare. To the best of our knowledge, only a case of NEC
in the gastric stump has been reported in the English
[7]
literature, at the University of Parma, Italy . Herein we
report a case of NEC of the gastric stump diagnosed 47
years after distal gastrectomy for a benign gastric ulcer.

CASE REPORT
A 74-year-old man consulted a doctor for melena at
another hospital. He had undergone a distal gastrectomy
with Billroth Ⅱ reconstruction for a gastric ulcer 47
years ago. He had been having moderate hypertension
for 10 years, for which he was taking thiazide daily. A
hemorrhage from the upper gastrointestinal tract was
suspected. Upper endoscopic examination revealed a
localized ulcerative lesion located on the gastrojejunal
anastomosis. Contrast-enhanced computed tomography
(CT) scans revealed thickening of the stomach wall
above the gastrojejunostomy site. There was no
evidence of extension of the lesion into the serosa or
surrounding soft tissues (Figure 1). An endoscopic
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DISCUSSION
GSC was first reported as a disease entity by Balfour in
[8]
1922 . It was initially defined as a cancer that arose
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Figure 1 Pre-treatment abdominal contrast-enhanced computed tomography images. These reveal thickening of the stomach wall above the gastrojejunostomy
site without enlarged perigastric lymph nodes. There is no evidence of lesion extension into the serosa or surrounding soft tissues.
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Figure 2 Histological findings. A: A low-power histological view. Tumor cells show infiltrative growth from the muscularis propria to the subserosa (HE, × 40). B:
Large-cell carcinoma showing invasion into the subserosa. C: High-power view shows monotonous large tumor cells with abundant cytoplasm and large irregular
nuclei with prominent nucleoli (HE, × 100). D and E: Angiolymphatic invasion and carcinoma cell embolus. F: Mitotic figures were also observed (60 per 10 highpower fields). HE: Hematoxylin and eosin.
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A

B

C

D

Figure 3 Immunohistochemical staining. Positive immunohistochemical staining for (A) synaptophysin (× 200), (B) CD56 (× 200), and (C) chromogranin A (× 200). D:
The Ki-67 index is about 60% (× 200).

resection for a duodenal ulcer in 1991.
The carcinogenesis of GSC is strongly associated
with chronic duodenogastric reflux of bile and pancreatic
juice, and hypochlorhydria secondary to denervation
through vagotomy. It has been generally reported that
chronic degenerative changes in the gastric mucosa lead
to the development of adenocarcinoma with varying
[12]
degrees of differentiation . The specific carcinogenetic
pathways that lead to GNEC are largely unknown.
Whether they are related to the classical mechanisms
described for GSC development remains to be better
understood.
The World Health Organization 2010 classification
defined NEC as a subgroup of neuroendocrine
neoplasms (NENs). NENs are divided into neuro
endocrine tumors (NET) of grade 1 and grade 2 and NEC
[13]
grade 3 according to the Ki-67 labeling index .
The Japanese classification of gastric carcinoma
defined NEC as a special type in its histological
classification of gastric tumors, and classified it to
be either of the small-cell or the large-cell type.
[14]
In 1993, Rindi et al
proposed a classification
system for gastric NETs (GNETs) wherein tumors
were divided into three types by their underlying patho
physiology, etiology, and presentation. According to
this classification system, type 1 is associated with
chronic atrophic gastritis and hypergastrinemia; type
2 is associated with multiple endocrine neoplasia type
1, Zollinger-Ellison syndrome, and hypergastrinemia;
and type 3 is sporadic, gastrin-independent, and is

Figure 4 Computed tomography scan 7 mo after the operation. This
image reveals lymph node metastasis in the region around the gastrojejunal
anastomosis in the abdominal cavity.

in the remnant stomach 5 years after gastrectomy
[9]
for benign diseases such as peptic ulcers . Currently,
the concept of GSC has been expanded to include
recurrence after gastric cancer resection, which has
been reported to account for 1%-7% of all gastric
[10]
cancers . Gastric NEC (GNEC) is a rare neoplasm
known for its aggressive behavior and poor prognosis,
[11]
accounting for 0.1%-0.6% of all gastric carcinomas .
Primary gastric stump NEC is exceptionally rare. A
search of the literature revealed documentation of
[7]
only one such case, described by D’Adda et al who
identified a case of metastatic NEC that developed
in the gastric stump 25 years after Billroth Ⅱ gastric
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Related reports

believed to be the most biologically aggressive GNET.
In the present case, based on histological examination
and immunohistochemical staining for neuroendocrine
markers, the diagnosis was large-cell NEC and the
tumor could be classified as a type 3 GNET.
For patients with GNEC, radical gastrectomy plus
regional lymph node dissection should be performed
for localized disease; adjuvant chemotherapy should
[15,16]
also be provided after surgery
. Given the rarity of
these tumors, there is no standardized chemotherapy
for GNEC, and therapy is typically done according to
the treatment guidelines for small cell lung cancer. A
combination of cisplatin and etoposide (EP regimen)
is usually proposed as a first-line therapy for extra[17]
pulmonary high-grade NEC . We chose to treat
this patient with chemotherapy regimens used for
the treatment of SCLC both in first- and second-line
settings. Although the addition of radiotherapy has
improved the survival of patients with resectable SCLC,
its role in the treatment of GNECs is unclear given the
extremely limited information on its usage in this type
of cancer.
In conclusion, GNEC is rare and this study presents
the exceptionally unusual occurrence of NEC in the
gastric stump following Billroth Ⅱ gastrectomy. This case
will contribute to improvements in our understanding
of the carcinogenesis, biology, and behavior of GNEC
and GSC. This case may also serve as a reminder to
gastroenterologists, surgeons, and pathologists who
encounter GSC cases in their clinical practice to consider
a diagnosis of NEC and undertake the requisite tests
for histological and neuroendocrine markers such as
chromogranin A and synaptophysin.

A case of neuroendocrine carcinoma in the gastric stump has only been
reported once in the English literature from the University of Parma, Italy.

Term explanation

Neuroendocrine carcinoma of the gastric stump.

Experiences and lessons

This case will contribute to improvements in our understanding of the
carcinogenesis, biology, and behavior of gastric NEC and GSC. This case may
also serve as a reminder to gastroenterologists, surgeons, and pathologists
who encounter GSC cases in their clinical practice to consider a diagnosis of
NEC and undertake the requisite tests for histological and neuroendocrine
markers such as chromogranin A and synaptophysin.
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Abstract
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Hepatocellular carcinoma (HCC) is one of the most
common and aggressive cancers worldwide. HCC is the
fifth common malignancy in the world and the second
leading cause of cancer death in Asia. Long non-coding
RNAs (lncRNAs) are RNAs with a length greater than
200 nucleotides that do not encode proteins. lncRNAs
can regulate gene expression and protein synthesis
in several ways by interacting with DNA, RNA and
proteins in a sequence specific manner. They could
regulate cellular and developmental processes through
either gene inhibition or gene activation. Many studies
have shown that dysregulation of lncRNAs is related to
many human diseases such as cardiovascular diseases,
genetic disorders, neurological diseases, immune
mediated disorders and cancers. However, the study
of lncRNAs is challenging as they are poorly conserved
between species, their expression levels aren’t as
high as that of mRNAs and have great interpatient
variations. The study of lncRNAs expression in cancers
have been a breakthrough as it unveils potential
biomarkers and drug targets for cancer therapy and
helps understand the mechanism of pathogenesis.
This review discusses many long non-coding RNAs and
their contribution in HCC, their role in development,
metastasis, and prognosis of HCC and how to regulate
and target these lncRNAs as a therapeutic tool in HCC
treatment in the future.
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function co-operatively to methylate DNA usually in
regions known as CpG islands where the occurrence
of CpG dinucleotides is high. DNA methylation causes
gene silencing through two mechanisms; firstly, by
decreasing the affinity of transcription factors to gene
promoters through steric hindrance and the second
mechanism is by the direct binding of methyl CpG
binding domain (MBD)-containing proteins to the
methylated DNA, leading to transcription repression
[10]
through chromatin condensation . This gene silencing
could be reversed by active DNA demethylation which
mainly happens by the removal of the methyl group
from 5-methylcytosine via Methyl-CpG binding domain
[11]
proteins .
Another epigenetic regulation is histone modification
which encounters any post translational modification
regulating chromatin structure and function. Chromatin
consists of DNA and proteins bundled together in a
[4]
compact way to fit inside the nucleus . These complexes
can be modified mainly through acetylation and
methylation of the histone lysine residues. The resultant
effect differs according to the type of modification
and its location on the histone. The lysine residues
at the histone terminals are subject to acetylation or
deacetylation by histone acetyltransferases or histone
deacetylases. Acetylation decreases the positive charges
of lysine residues and decreases the affinity between
histones and DNA which results in decondensation of the
chromatin hence, disrupting the chromatin structure.
Moreover, acetylated residues act as binding sites for
histone modifying enzymes or chromatin remodeling
[12,13]
factors that facilitate gene expression
. Methylation of
histone occurs on different lysine residues with different
degree of methylation thus giving a wide variety of
results either repressive or activating depending on the
[14]
combination of factors . Methylation of the lysine at
the fourth residue of histone H3 (H3K4Me) promotes a
transcriptionally active conformation, as H3K9Me which
promotes a transcriptionally repressive conformation.
H3K36Me can be activating or repressive, depending
[15]
upon proximity to a gene promoter region .

Core tip: Recent researches are focusing on targeting
non-coding RNAs in an attempt to find therapeutic
means for many health problems. Here, we are
shedding the lights on the regulation of several proteins
in hepatocellular carcinoma (HCC) by long non-coding
RNAs (lncRNAs). lncRNAs try desperately to halt the
aberrantly expressed oncogenic network by the fact
that single lncRNA can have multiple downstream
targets in one or more signaling pathway. This is an
approach in an attempt to find an efficient radical cure
for HCC.
El Khodiry A, Afify M, El Tayebi HM. Behind the curtain
of non-coding RNAs; long non-coding RNAs regulating
hepatocarcinogenesis. World J Gastroenterol 2018; 24(5):
54 9 - 5 7 2 Av a i l a b l e f r o m : U R L : h t t p : / / w w w. wjgnet.
com/1007-9327/full/v24/i5/549.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i5.549

INTRODUCTION
Epigenetic regulations

If we look up the word epigenetic in the dictionary, the
result will be: the process by which the expression of
genetic information is modified on a molecular level
without alteration to the DNA sequence. The word
epigenetic was also defined by previous researchers
as “in addition to changes in genetic sequence”, “to act
“on top of” or “in addition” to genetics” and “heritable
changes in gene activity and expression that occur
[1-4]
without alteration in DNA sequence” . Various kinds
of epigenetic processes have been discovered during
the years, which include methylation, acetylation,
phosphorylation, ubiquitylation and non-coding RNA.
Such alterations can be transmitted to daughter
cells or, as suggested in recent experiments, can
be reversed. Epigenetic processes are significant to
normal organism functions, however, if they develop
incorrectly, severe unwanted health and mental effects
[4]
could arise .
The most studied epigenetic process is DNA meth
ylation. It’s the covalent addition or a methyl group
(CH3) removal to the fifth position of the cytosine
base within CpG dinucleotides. This modification is
catalyzed by DNA methyltransferases (DNMTs), as
DNMT1, DNMT3a and DNMT3b. DNMT3a and DNMT3b
are considered de novo methyltransferases, initiating
methylation to unmethylated CpGs during embryonic
[5-7]
development or in cancer cells . On the contrary,
DNMT1 functions as the maintenance methyltrans
ferase by methylating hemimethylated CpGs after
mitosis, hence transmitting the methylation patterns
to daughter strands, along with contributing to the de
[8,9]
novo methylation process . Both classes are said to

WJG|www.wjgnet.com

Non-coding RNAs

RNA species beyond mRNA which lack clear potential to
encode proteins or peptides, and they include intronic
RNAs, microRNAs (miRNAs), circular RNAs (circRNAs),
extracellular RNAs and long non-coding RNAs (lncRNAs),
[16]
that will be our main focus in this review .

lncRNAs

LncRNAs are a diverse group of transcripts whose
natural functions and potential as drug targets remain
largely undefined. These RNA species are greater than
200 nucleotides in length and do not encode protein.
lncRNAs are thought to involve nearly 30000 different
transcripts in humans, lncRNA transcripts account for
the major part of the non-coding transcriptome. LncRNA
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discovery remains at a primary stage.

ribonucleoprotein (RNP) complex formation, modulation
of microRNA regulation, in addition to gene silencing
through endogenous siRNA (endo-siRNA) and regulation
of genomic imprinting.
Recently, lncRNA functions have been classified into
main different molecular mechanisms. One lncRNA
may be described as one or more of the following
five models: First, the Signal model that functions
as a molecular signal or indicator of transcriptional
activity. The Decoy model in which it binds and titrates
away other regulatory RNAs (e.g., microRNAs) or
proteins (e.g., transcription factors). Third type is
the Guide model in which it directs the localization of
ribonucleoprotein complexes to specific targets (e.g.,
chromatin modification enzymes are recruited to
DNA). Last but not least the Scaffold model that has a
structural role as platform upon which relevant molecular
components (proteins and or RNA) can be assembled
into a complex or spatial proximity. And the last type
is the Enhancer model which controls higher order
[19]
chromosomal looping in an enhancer-like model .

LncRNAs biogenesis

Several long non-coding RNAs (lncRNAs) or classes of
lncRNAs are differentially regulated at different levels
of their biogenesis, maturation and degradation. At
the chromatin level state, lncRNAs and mRNAs exhibit
similar properties, For example, an enrichment of
H3K4me3 at promoters; however, lncRNA genes have
a higher enrichment of H3K27ac and are definitely
more repressed by certain chromatin remodelling
complexes, such as Swr1, Isw2, Rsc and Ino80. Trans
cription starts from divergent promoters differs for the
sense (mRNA) and the antisense (lncRNA) directions;
divergent antisense transcription is enriched for
H3K56ac and phosphorylation of RNA polymerase II
(Pol II) Tyr1. Transcription in the divergent direction
is additionally increased by the SWI/SNF proteins
and repressed by CAF-1. Transcriptional elongation
is more strongly regulated by DICER1 and MYC for
lncRNAs than for mRNAs. The occurrence of U1
and polyadenylation signals differs on either side of
bidirectional promoters (along the U1–PAS axis),
favoring the splicing of mRNAs in the sense direction
and the cleavage and polyadenylation in the divergent,
antisense direction. Despite the the fact that mRNAs
localize very specifically to ribosomes in the cytoplasm,
lncRNA localization is substantially more differed, as
certain lncRNAs can occupy the chromatin, subnuclear
domains, the nucleoplasm or the cytoplasm. Finally,
whereas mRNAs are primarily degraded in the cytoplasm
by decapping and 5′-to-3′ exonuclease digestion,
numerous unstable lncRNA transcripts are liable to the
nuclear exosome or to cytosolic nonsense-mediated
[17]
decay (NMD) .

Epigenetic regulation and lncRNAs in hepatocellular
carcinoma

The lncRNA X-inactive specific transcript (XIST) recruits
EZH2 which is a component of polycomb repressive
complex “PRC2”, to the X chromosome, leading to
histone methylation and silencing of one X chromo
[20]
some . Also ANRIL, a lncRNA which recruits polycomb
repressive complexes “PRC1 and PRC2” to the locus,
causing the reduction transcription of ARF, CDKN2B,
[21,22]
and CDKN2A
. Another lncRNA “ TUG1” can
regulate KLF2 expression in the epigenetic level by
binding to PRC2. And it was found that those lncRNAs
are deregulated in hepatocellular carcinoma (HCC)
beside other lncRNAs that will be mentioned below.

LncRNAs functions and mechanism of action

LncRNAs in cancer

LncRNAs can regulate gene expression and the
synthesis of protein in various ways. Some lncRNAs
are relatively highly expressed, and functions as
scaffolds for particular subnuclear domains. Carrying
on, lncRNA have secondary structures which facilitate
their interactions with DNA, RNA and proteins. Also,
its binding to DNA or RNA is sequence-specific. Gene
regulation may take place in cis (in close proximity to
the transcribed lncRNA) or in trans (at a distance from
the transcription site). In the function of chromatin
modulation, the effect of lncRNA is usually gene-specific,
exerted at a local level (in cis) but the regulation of
[18]
chromatin can also take place in trans .
Some lncRNAs already had their functions experi
mentally elucidated and have proved to be involved in
gene regulation processes including: Chromatin modi
fication and structure, direct transcriptional regulation,
regulation of RNA processing such as splicing, editing,
localization, translation and degradation, post-translational
regulation of protein activity and localization, facilitation of
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Numerous previous studies concluded that long noncoding RNAs play an important role in regulating
many biological processes including gene expression,
[23]
cell cycle regulation and cellular differentiation .
Hence, deregulated lncRNA expression may contribute
to disease pathogenesis and pathophysiology such
as cancers, cardiovascular disorders and metabolic
disorders. This relation unveils the role lncRNAs could
[24]
have as therapeutic targets or biomarkers for diseases .
LncRNAs are usually observed in cancer cases due
to the expression difference between cancerous cells
[25]
and normal cells . Moreover, they fall under two
categories; either oncogenic, promoting cancer or tumor
suppressor, inhibiting cancer progression and both have
equal importance in cancer therapeutic treatment. Long
non-coding RNAs exert their effect through various
mechanisms for example, modulating epigenetic
regulations including imprinting as X-inactivation in
females, controlling cell apoptosis signaling as well as
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lncRNA SVUGP2 is downregulated in HCC cells and its
overexpression inhibits cellular proliferation and invasion
through the inhibition of several mRNA and proteins of
growth markers and invasion markers; hence acting
[32]
as a tumor suppressor . AF113014 acts as a tumor
suppressor by regulating the expression of the tumor
suppressor gene, Egr2 through interaction with miR[33]
20a causing a decrease in cellular proliferation .
Uc.134 is reported to be significantly downregulated
in HCC cells; its overexpression suppresses HCC
by inhibiting cellular invasion and proliferation via
repression of CUL4-mediated ubiquitination of LATS1
[34]
and activation of YAPS127 phosphorylation . SchLAH
is a lncRNA that is downregulated in HCC via possible
histone deacetylation; its overexpression inhibits cell
migration and metastasis through interaction with FUS
protein and modulation of RhoA and Rac1 downstream
[35]
targets . SRA1 is one of the downregulated RNAs in
HCC cells that serves as a tumor suppressive through
[36]
its regulation of tumor size and serum glucose levels .
DGCR5 is one of the downregulated lncRNAs that can
acts as a tumor suppressor in HCC patients however
[37]
its molecular mechanism is yet to be studied . Also,
the lncRNA ZNF674-AS1 is found to be downregul
ated in HCC patients with significant relation to poor
prognosis in patients; however, no significant molecular
[38]
mechanism is established yet . STARD13 is a tumor
suppressor as its expression levels in HCC is low and
its upregulation enhances cellular apoptosis by acting
as a ceRNA for Fas and increases tumor sensitivity to
[39]
chemotherapy .
Linc-cdh4-2 is downregulated in HCC and its over
expression causes a significant decrease in migration
and invasion with no effect on cell viability and proli
feration. The decrease in migration could be through
an increase in the protein levels of R-cadherin and
decrease in the protein levels of small GTPase RAC1,
as an increase in RAC1 protein levels enhances cell
[40]
invasion abilities . Low levels of LINC RP1130-1 are
significant in HCC patients compared to normal patients.
This decrease is associated with number of tumors,
portal vein tumor thrombus, microvascular invasion
and most importantly a shorter recurrence-free survival
[41]
hence, classifying it as a tumor suppressor lncRNA .
ZNFX1-AS1 is significantly downregulated in HCC
and its overexpression suppressed cell proliferation,
colony formation and promoted cell apoptosis. miR-9
exhibits a positive correlation with ZNFX1-AS1 hence
an upregulation of miR-9 and a downregulation of its
promoter methylation is observed with ZNFX1-AS1
[42]
overexpression . LINC00052 is one of the tumor
suppressor lncRNAs as its upregulation inhibit cell

Figure 1 Long non-coding RNAs actions and interaction in cancer
development; a schematic representation to the role of deregulated long
non-coding RNAs in various types of cancers. lncRNAs: Long non-coding
RNAs.

cellular proliferation pathways. Sometimes, they interact
with RNA-binding proteins mediating transcriptional
processes, bind to their intracellular steroid receptors
activating or inhibiting downstream targets or tran
scription factors. Furthermore, lncRNAs could induce
chromatin modification through recruiting chromatin
remodeling complex to specific loci and regulate gene
expression at the post transcriptional level as well (as
[26]
shown in Figure 1) .
As an example to the function of deregulated lncRNAs
in various types of cancers, metastasis-associated lung
adenocarcinoma transcript 1 (MALAT1) is reported
overexpressed in breast cancer, prostate cancer, uterine
cancer, colon cancer, pancreatic cancer, osteosarco
[26-28]
ma, NSCLC and other cancers
. Additionally, HOX
transcript antisense RNA (HOTAIR) is found upregulated
in breast cancer and prostate cancer aiding in tumor
[29,30]
invasion and metastasis
. Furthermore, H19 present
on chromosome 11, is reported crucial in bladder, lung,
breast, cervix, prostate and colorectal cancers. Another
famous lncRNA is urothelial carcinoma-associated 1
(UCA1) which serves as an oncogene in colon, cervix,
lung, bladder, breast and stomach carcinomas through
[27]
enhancing cellular proliferation and migration . ANRIL,
one of the antisense lncRNAs is found in high levels in
[26,27]
prostate cancers and leukemia
. BC200, an inter
genic gene on chromosome 2 modulates translational
processes in breast, cervix, esophagus, lung, ovary and
[26]
tongue cancers . On the contrary, MEG3 has proved
to be one of the tumor suppressor genes in cancers
like pituitary adenomas as it inhibits cell proliferation
[31]
and modulates angiogenesis through regulating p53 .
Another tumor suppressor gene is growth arrestspecific transcript 5 (GAS5) that induces apoptosis
in breast and prostate cancers by inhibiting several
responsive genes leading to altering various cellular
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invasion and proliferation abilities of HCC cells which
is achieved through regulating NTRK3 expression by
establishing complementary base pairing with miR-128
ad miR-485-3p. Downregulation of NTRK3 promotes
cellular invasion and proliferation abilities just like the
[43]
low levels of LINC00052 . PRAL is a tumor suppressor
lncRNA present on chromosome 17p13.1 usually in low
levels in HCC patients and its overexpression inhibits
tumor growth. This occurs due to the binding of PRAL
to HSP90 which enhances its binding to p53, opposes
MDM2 induced p53 degradation hence promoting HCC
[44]
cell apoptosis . Moreover, studying several deregul
ated genes in HCC revealed the downregulation of
AF070632 associated with various cellular processes
such as oxidation-reduction, cofactor binding in catabolic
[45]
processes . The expression of the lnc-Dreh was
evaluated and found to be downregulated in HCC tissues
proving to be a tumor suppressor as it binds to vimentin,
decreasing its expression and disrupting the normal
cytoskeleton structure required for growth and invasion
hence inhibiting metastasis in HCC or HBV related HCC
[46]
patients . LET is considered as one of the lncRNAs
that function as a tumor suppressor as it inhibits HCC
metastasis and invasion when overexpressed on
chromosome 15. This occur through a complex positive
feedback loop of HIF-1α/HDAC3/lncRNA-LET/NF90
that modulates HIF-1α response and gives the tumor
[47]
suppressive effect .
An interesting mechanism of tumor suppression
is encountered with PTENP1, a pseudogene of PTEN,
where it induces autophagy of HCC cell inhibiting
its survival. This is achieved as PTENP1 acts as an
endogenous sponge for miR-17, miR-19b and miR-20a
abolishing their inhibitory ability of PTEN hence inhibiting
the PIK3T/AKT pathway and inducing pro-death
[48]
autophagy . CPS1-IT1 acts as tumor suppressor in
HCC by inactivation of HIF-1α which results in decreased
the expression of epithelia-mesenchymal transition
[49]
(EMT) related proteins . TUSC7 acts as tumor
suppressor through the TUSC7-miR-10a-EphA4 axis
[50]
leading to EMT suppression . WT1-AS may function as
a tumor suppressor in HCC by reversing the oncogenic
effects of WT1. WT1-AS downregulates WT1 expression
in HCC tumors and promotes apoptosis by binding to
[51]
the promoter region of WT1 . AOC4P lncRNA also
plays role as an HCC tumor suppressor by promoting
[52]
vimentin degradation and suppressing the EMT .
SRHC is noncoding tumor suppressor that can inhibit
[53]
HCC cell proliferation and promote its differentiation .
CASC2 inhibits cell proliferation, migration and invasion
and promotes apoptosis by inactivation of the MAPK
pathway this indicates that CASC2 may act as a
[54]
tumour suppressor in HCC . lncRNA-AK058003 can
inhibit HCC proliferation and metastasis acting as a
tumor suppressor by suppressing the SNCG in a HuR[55]
dependent manner . Suppression of treRNA by miR190a significantly inhibited migration of HCC cells. This
lead to reduced expression of Vimentin and SNAI1
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(mesenchymal markers), as well as induced expression
[56]
of E-cadherin and Claudin-1 (epithelial markers) .

Oncogenic lncRNA

HCG11 acts as an oncogenic lncRNA as it induces
cell proliferation and invasion of HCC tumor cells,
suppresses apoptotic indicators, such as: p21 and
caspase-3, promotes anti-apoptotic factors including
ERK, JNK and p38 via the regulation of IGF2BP1 protein
and activation of MAPK pathway which consequently
[57]
promoted HCC progression . LOC90784 long noncoding RNA functions as an oncogene as its knockdown
promotes Bax and represses CDK4 and Cyclin D protein
expression which induces apoptosis and suppresses
proliferation. Moreover, its downregulation inhibits
cellular invasion and migration by repressing MMP2 and
[58]
MMP9 expression in HCC cells . Another lncRNA that
is found to be upregulated in HCC cells is UBE2CP3;
it induces the process of cell invasion and migration
in HCC by increasing the expression of Snail-1
and N-cadherin while decreasing the expression of
E-cadherin hence, promoting the EMT leading to tumor
[59]
metastasis . Linc00462 is reported to be upregulated
in HCC tumors promoting tumor progression through
the regulation of PI3K/AKT pathway, inducing cellular
[60]
proliferation and migration . TINCR lncRNA is found
to be upregulated in HCC cells acting as an oncogene
regulating differentiation, invasion and metastasis of
[61]
tumor cells . AB019562 is reported to be upregulated
in HCC cells; its knockdown inhibits cell prolifera
tion, arrests cell cycle at G0/G1 phase, suppresses
cellular metastasis, induces apoptosis and activates
[62]
caspase-3 activity . LncARSR is a long non-coding
RNA that regulates the sensitivity of the tumor cells
to doxorubicin. Upregulation of lncARSR in HCC cells
induces its resistance to doxorubicin, indicating poor
prognosis through PTEN mRNA depletion and PI3k/
[63]
Akt activation . AWPPH serves as an oncogene as
its overexpression in HCC promotes cell proliferation,
migration and metastasis. This is achieved through YBX1
interaction and its mediated activation of downstream
transcription factors such as SNAIL1 and PIK3CA and
[64]
their pathways .
Prostate cancer-associated transcript (PCAT)-14
is overexpressed in HCC cells; it induces proliferation,
migration and cell cycle arrest. Moreover, it regulates
the expression of ATAD2 and Hedgehog pathway via
its inhibitory effect on miR-372 that’s achieved by
methylation of miR-372’s promoter region. Conversely,
miR-372 eliminates PCAT-14’s effects on proliferation
[65]
and invasion of HCC cells . Another crucial lncRNA
is P73 antisense 1 T that is upregulated in HCC
cell lines; its knockdown resulted in reduced cellular
proliferation, invasion and downregulated HMGB1/
RAGE signaling pathway that also correlates with
dysregulated cell death and survival. miR-200a has
a negative correlation with TP73-AS1 and HMGB1
expressions and studies revealed that both compete
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[75]

for the same binding site on miR-200a concluding
that TP73-AS1 could be oncogenic through miR-200a
[66]
dependent HMGB1/RAGE regulation . Linnc00441 is
an oncogene that’s upregulated in HCC promoting cell
proliferation, tumor growth and downregulating RB1
tumor suppressor gene. Transcription factor (TCF)-4
and H3K27 acetylation were found to contribute to
Linc00441 upregulation which in turn downregulated
RB1 expression through possible enhancement of CpG
islands methylation in its promoter region via DNMT3A
[67]
Linc00441-dependent recruitment . HOST2 is reported
to be upregulated in various HCC cell lines and its
silencing results in decreased cell proliferation, blocked
cell cycle at G0/Gi phase to S phase and reduced cell
migration and invasion. Therefore, its marked as an
oncogene that supports cellular proliferation, metastasis
[68]
and inhibits apoptosis in human HCC cells . UC001kfo
is an overexpressed lncRNA in HCC cells that positively
regulates cellular proliferation and migration through
the modulation of its target gene, α-SMA, in a positive
manner. α-SMA also serves as a crucial marker for
EMT which in turn regulates cellular migration and
[69]
invasion via its effect on UC001kfo function . LncBRM
is an upregulated RNA in HCC and liver CSCs; it may
contribute to the recurrence and self-renewal of the
tumor cells. LncBRM modulates BRG1/BRM switch that
in turn activates YAP1 signaling pathway via a KLF4dependent manner giving a result that’s positively
correlated with tumor severity and self-renewal ability
[70]
of the cells . HOX Antisense lincRNA HOXA-AS2 is
an oncogene that’s overexpressed in HCC cells and its
upregulation correlates with poor prognosis, increased
proliferation and metastasis. The knockdown of HOXAAS2 significantly suppressed proliferation, migration
[71]
and promoted apoptosis . CRNDE is reported to
be overexpressed in HCC cells inducing cellular proli
feration, migration and invasion. It is found that CRNDE
inhibits the expression of miR-384 that’s usually
downregulated in HCC while enhancing the expression
of NF-κB and p-AKT, suggesting that CRNDE-miR-384
[72]
axis is promising for treatment of HCC .
One of the antisense lncRNAs investigated is ZEB2AS1; it is reported to be overexpressed in HCC cells
especially Huh7. The study confirmed the that changes
in ZEB2-AS1 levels fluctuates EMT-induced markers and
the silencing of the RNA decreases cellular proliferation,
[73]
viability and invasion . Unigene56159 is an HBV
related lncRNA that could be induced by HBV infection
aiding in HCC development, migration and EMT. This
happens because Unigene56159 directly binds to miR140-5p acting as a competing endogenous RNA (ceRNA)
for the miRNA, abolishing its inhibitory effect on its
[74]
other target Slug hence, promoting EMT in HCC cells .
CCHE1 is an oncogene that’s noted to be upregulated
in HCC and its knockdown enhanced growth arrest
and cell apoptosis. The knockdown also reduced
tumorigenicity and inhibited ERK/MAPK pathway, with
a function in cellular proliferation, differentiation and
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survival, hence the decreased cellular viability . GPC3AS1 is suggested to be upregulated in HCC due to
possible increase in histone acetylation in the promoter
region. GPC-AS1 upregulation recruits PCAF to the
GPC3 body upregulating its transcription and hence
[76]
promoting cellular proliferation and migration . GIHCG
is upregulated in HCC cells and significantly promotes
tumor growth and metastasis through association
with EZH2. This upregulates H3K27me3 and DNA
methylation levels by DNMT1 of miR-200b/a/429
promoter hence epigenetically silencing miR-200b/a/429
[77]
expression in HCC cells . LncCAMTA1 is overexpressed
in HCC and is associated with poor prognosis, increased
HCC proliferation and tumorigenesis. LncCAMTA1 is
noted to inhibit CAMTA1 transcription by promoting a
repressive chromatin structure of the gene and this
relation is essential for lncCAMTA1 proliferative effect on
[78]
HCC cells . LncSox4 is upregulated in HCC and tumor
initiating cells (TIC) that has proved essential for liver
TIC self-renewal and tumor initiation. LncSox4 interacts
with and recruits Stat3 to the Sox4 promoter enhancing
Sox4 expression which is also required for TIC self[79]
renewal . Small nucleolar rna host gene (SNHG)3
shows high expression levels in HCC patients and is
significantly correlated with tumor size, overall survival,
[80]
poor prognosis and malignant status .
SNHG12 is overexpressed in HCC tissues promot
ing cellular proliferation and inhibiting apoptosis via
functioning as a sponge for miR-199a/b-5p reducing
their inhibitory action on MLK3, thus enhancing MLK3
expression and its downstream targets in the NF-κB
[81]
pathway . Furthermore, SNHG15 is reported to be
upregulated in HCC tissues compared to normal control
and positively correlates with histological grade, vein
invasion and poor prognosis hence, is a promising clinical
[82]
biomarker for HCC . BAIAP2-AS1 is overexpressed
in HCC tissues with positive correlation to prolifera
tion and invasion processes through the regulation
of MAPKAP1, E2F3and RAF1 which are downstream
targets of several miRNAs that BAIAP2-AS1 functions
[83]
as a sponge for . Additionally, one of the studies
investigating deregulated lncRNAs in HCC concluded
that LINC01419 and AK021443 are upregulated in
early HCC stages hence concluding their involvement in
[45]
cell cycle progression and tumor initiation . Another
interesting study investigated the levels of lnc-HEIH
in HBV related HCC cases and reported to be upregul
ated and involved in cell cycle modulation through the
association with EZH2 and suppression of p16, p27 and
p21 which mainly regulate the cell cycle arrest. All these
actions facilitate its oncogenic properties and promote
[84]
cellular proliferation and invasion in HCC tissues . A
study was done revealing that hypoxic conditions in
HCC tissues could modulate lncRNAs expression such as
linc-ROR that’s overexpressed in hypoxic HCC tissues.
Linc-ROR itself regulates cellular responses during
hypoxic conditions by altering the expression of HIF-1α
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and its downstream target PDK1 in a positive manner
[85]
through inhibiting the expression of miR-145 . On a
further note, linc-ROR modulate chemotherapy induced
apoptosis and cell survival through p53 dependent
[86]
signaling . Lnc-β-Catm associates with β-catenin and
the methyltransferase EZH2, leading to activation of
Wnt–β-catenin signaling, resulting in cancer severity in
[87]
people with HCC .
UC338 enhances cell proliferation as it directly
interacts with BMI1 and suppresses p21 expression
[88]
in HCC . LINC01225 in HCC, stimulates proliferation
and invasion through binding to protein, leading to
increase the level of epidermal growth factor receptor
(EGFR) as a consequence, thus fine tuning the EGFR/
[89]
MAPK signaling pathway . PlncRNA-1 act as an
oncogene in HCC progression, by induction of EMT
[90]
signaling . BANCR overexpression is associated with
HCC carcinogenesis. Downregulation of BANCR would
decrease cell proliferation, enhance cell apoptosis, and
[91]
impair cell invasion and migration . LncRNA CARLo-5
enhances proliferation, migration and invasion of HCC
and its upregulation was associated with poor prognosis
[92]
of HCC patients . MVIH enhanced cell growth and
inhibited cell apoptosis of HCC through inhibition of
miR-199a expression; si-MVIH inhibited HCC cell
viability and enhanced cell apoptosis, but this effect
was reversed by miR-199a inhibitor as miR-199a had a
[93]
direct binding ability to MVIH RNA . Overexpression of
ZEB1-AS1 reduces protein levels of epithelial markers
and increases protein levels of mesenchymal markers,
proving that ZEB1-AS1 promotes EMT and its role in
[94]
tumor progression . lncRNA Sox2ot may play a tumor
oncogenic role in HCC as the up-regulation of lncRNA
[95]
Sox2ot promotes the metastasis ability of HCC cells .
ZFAS1 acts as tumor promoter in HCC progression by
binding miR-150 and abolishing its tumor-suppressive
function. miR-150 repressed HCC cell invasion by
inhibiting ZEB1 and the matrix metalloproteinases
MMP14 and MMP16. Conversely, ZFAS1 activated
ZEB1, MMP14, and MMP16 expression, inhibiting
these effects of miR-150. This mean that upregulation
of ZFAS1 in HCC enhances tumor metastasis in a
[96]
miR-150–dependent manner . The lincRNA-UFC1,
a target of microRNA 34a, promotes proliferation and
decreases apoptosis in HCC cells through interaction
with the mRNA stabilizing protein HuR to regulate
[97]
levels of β-catenin in HCC cells . Also, URHC may
function as an oncogene that regulates cell prolifera
tion and apoptosis through down-regulating of ZAK
expression, and inactivation of the ERK/MAPK pathway
[98]
by URHC-ZAK regulation . LncRNA-PE promotes
HCC cell invasion by upregulating ZEB1, the master
inducer of EMT via inhibiting transcription of miR-200a/
[99]
b . ZNF667 serves as oncogene, promotes the cell
proliferation, invasion and migration via interference
[100]
with the expression of Bcl-2 and BAX . The upcoming
section discusses individual lncRNA that were found to
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be extensively studied.

Highly up-regulated in liver cancer

Highly up-regulated in liver cancer (HULC), present on
chromosome 6, could be identified as the most overexpressed lncRNA in HCC with various mechanisms
in promoting tumorigenesis and carries a huge per
[101]
spective in RNA-targeted therapy
. High levels of
HULC in plasma of HCC patients could be exploited as
[102]
a noninvasive biomarker for HCC diagnosis
. HULC
is reported to have high plasma levels in HCC patients
and its combination with Linc00152 and AFP would
[103]
achieve better diagnostic accuracy . Overexpression
of HULC is reported with upregulation in HEIH which
resulted in increased proliferation, invasion and
[104]
snail protein expression in HepG2 cells
. HULC is
overexpressed in HCC as it promotes growth in cancer
cells through enhancing ubiquitin-specific peptidase 22
(USP22) which reduces ubiquitin-mediated degradation
of COX-2 protein hence stabilizing and upregulating
[105]
COX-2 protein . A similar mechanism of HULC in HCC
is reported where it promotes the deubiquitination of
sirt1 protein through inducing USP22 which promotes
the levels of sirt1 proteins necessary for autophagy
induction in chemotherapy treatment. Another set of
miRNAs miR-6825-5p, miR-6845-5p and miR-68863p work opposite to HULC and suppress USP22 and
they were found to be inhibited by HULC expression
which modulate the sensitivity of cancer cells to
[106]
chemotherapy . HULC promotes tumor progression
through acting as a ceRNA for miR-200a-3p inhibiting
its function hence upregulating ZEB1 expression and
[107]
inducing EMT, tumor proliferation and metastasis
.
HULC contributes to HCC angiogenesis through inter
action and downregulation of miR-107 which upregu
lates E2F1 and finally activates SPHK1 which aids in
[108]
tumor angiogenesis (as illustrated in Figure 2) .
HULC is reported to be regulated by the Specificity
protein (Sp) transcription factors that significantly
modulate HCC proliferation and migration. The antidiabetic drug, metformin downregulates Sp transcription
factors and by default Sp-regulated genes such as
HULC, giving metformin a strong evidence to be used in
[109]
combination treatments for HCC patients . One of the
microRNAs that interact with HULC is miR-203 which
shows a negative relation on HULC as its upregulation
inhibits cell proliferation and induces cell apoptosis
through downregulation of HULC and another oncogene,
ADAM9. Also, the overexpression of HULC diminishes
[110]
the antitumor effect of miR-203 . HULC contributes
to the deregulation of lipid metabolism in HCC due to
the upregulation of transcription factor PPARA which
activates ACSL1. Moreover, an interaction with miR-9
is present as it is downregulated by HULC through
promoter methylation and miR-9 itself inhibits PPARA
expression as well. ACSL1 is capable of upregulating
HULC via RXRA activation in hepatoma cells thus
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Figure 2 Highly up-regulated in liver cancer interactions with miRNA. Highly up-regulated in liver cancer (HULC) inhibits the actions of miR-6825-5p, miR
6845-5p and miR 6886-3p which modulates the cell sensitivity to chemotherapy and autophagy. Moreover, it inhibits the function of miR-200a-3p hence inducing EMT
and metastasis. HULC downregulates miR-107 promoting angiogenesis and tumor proliferation. Overexpression of HULC diminishes miR-203 antitumor effect. While
HULC contributes to lipid deregulation and tumor progression through the downregulation of miR-9, ZNFX1-AS1 upregulates miR-9 resulting in tumor suppression
HULC and PCAT-14 promote proliferation through the inhibition of miR-372 however through different mechanisms. (-): Inhibits/Downregulates (+): Upregulates. EMT:
Epithelia-mesenchymal transition; PCAT: Prostate cancer-associated transcript.

suggesting a positive feedback loop HULC/miR-9/
[111]
PPARA/ACSL1/HULC is present in HCC cells . HULC
binds to YB-1 protein and promotes its phosphorylation
through ERK and induces the translation of associated
mRNAs hence increasing proliferation n HCC through
[112]
promoting G1/S transition . Another study suggests
that HULC promotes hepatocarcinogenesis through the
disruption of the circadian rhythm and upregulating
[113]
circadian oscillator CLOCK in hepatoma cells . More
over, HULC is reported to be upregulated by HBx protein
which results in increased cellular proliferation due to
the inhibition of the tumor suppressor gene p18 on
[114]
the mRNA and protein level
. An interesting study
revealed the binding of CREB to the promoter region
of HULC, activating its expression and function as an
endogenous sponge to miR-372 which in turn results in
further activation of HULC in an auto-regulatory loop of
CREB/HULC/miR-372/PRKACB/CREB/HULC enhancing
[115]
cellular proliferation (as illustrated in Figure 3) .

increased risk of recurrence and lymph node metastasis
through the regulation of matrix metalloproteinase-9
(MMP-9) and vascular endothelial growth factor protein
[120]
(VEGF) . In a relevant study, HOTAIR overexpression
in HCC patients is reported to upregulate autophagy
related 3 (ATG3) and ATG7 expressions which induces
[121]
cellular proliferation .
A study investigating the molecular mechanism of
HOTAIR as an oncogene in HCC tissues revealed that it
achieves its action through abolishing SETD2 expression
and phosphorylation, inhibiting H3K36me3 binding to
hMSH2 and SKP2 and modulating various epigenetic
changes such as DNA damage repair, microsatellite
[122]
instability and abnormal gene expression
. Inter
estingly, HOTAIR’s overexpression in HCC patients
unveiled several molecular relations with transcription
factors and miRNAs, as it is partially regulated by
the transcription factor FOXC1 which binds to HOTAIR
promoter regions and activates its expression. Moreover,
HOTAIR is found to downregulate miR-1 and vice
versa due to the presence of miR-1 binding site on
[123]
HOTAIR . In an extensive study, HOTAIR was found
to act as a binding site to both DDX5 and Mex3b in
a competitive manner where the binding of Mex3b
induces the ubiquitination of SUZ12 and derepression
of PRC2 targets in G2 phase of the cell cycle promoting
[124]
hepatocarcinogenesis in HBV patients . A study on 52
paired HCC specimens proved HOTAIR as an oncogene
in HCC as its knockdown activates P16(lnk4a) and
P14(ARF) downstream signaling of miR-218, enhances
miR-218 expression and suppresses Bmi-1 expression
hence HOTAIR suppression inhibits cell viability and
[125]
tumorigenesis
. Additionally, it was proposed that
HOTAIR promotes HCC proliferation and migration

HOTAIR

HOTAIR is a lncRNA of 2158 bp length in chromosome
12 representing an antisense strand of homeobox
[116]
C gene
. High levels of HOTAIR in HCC patients
compared to normal control is significantly correlated
with rapid proliferation, large tumor size and poor
[117]
prognosis . Another study reported that significantly
high levels of HOTAIR is related with shorter recurrencefree survival period and its suppression reduced cell
viability and induced apoptosis and chemotherapy
[118]
sensitivity of HCC
. HOTAIR upregulation in HCC
patients enhances tumor progression, migration and recu
[119]
rrence via the regulation of Wnt/β-catenin pathway
.
Increased expression of HOTAIR in HCC patients show
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through the inhibition of RNA binding motif protein 38
(RBM38) which is crucial for biological processes and
[126]
exhibits a negative relation with HOTAIR .

recurrence after liver transplant. Inhibition of MALAT1
would significantly decrease cell viability, motility,
[133]
invasiveness, and increase the sensitivity to apoptosis .
MALAT1 is a proto-oncogene upregulated in HCC that
acts by activation of Wnt pathway and promotion of the
oncogenic splicing factor SRSF1. Induction of SRSF1
by MALAT1 modulates SRSF1 splicing targets, by
modulating the alternative splicing of S6K1, promoting
the production of antiapoptotic splicing isoforms and
activating the mTOR pathway. Inhibition of SRSF1
expression or mTOR activity reduces the oncogenic
properties of MALAT1, concluding that SRSF1 induction
and mTOR activation may be vital for MALAT1-induced
[134]
transformation
. Studies have indicated that the
MALAT1 not only regulates tumorigenesis in HCC, but
also controls cell cycle progression in hematopoietic cells.
Researchers have found that MALAT1 plays different
biological functions in hematopoietic cells, including the
regulation of the cell cycle. MALAT1 was upregulated
during liver regeneration. MALAT1 accelerated hepatocyte
proliferation by enhancing cell cycle progression from
the G1 to the S phase and inhibiting apoptosis in vitro.
Moreover, MALAT1 was found to be regulated by p53
during liver regeneration, and hence, p53 may be a
key regulator of MALAT1 activity. This study found
that MALAT1 activated the Wnt/β-catenin pathway by
inhibiting the expression of Axin1 and adenomatous
polyposis coli (APC), causing expression promotion of
cyclin D1. The results of this study suggest that MALAT1
[135, 136]
is a crucial molecule for liver regeneration

MALAT1

LncRNA MALAT1 is located on chromosome 11q13. It
has been found to participate in the carcinogenesis of
several types of tumors such as lung cancer, breast
[127-129]
cancer, nasopharyngeal carcinoma, and so on
.
MALAT1 acts as an oncogene since it suppressed miR143-3p. MALAT1 functioned as a molecular sponge for
miR-143-3p, and inhibited its function. This study results
suggested that MALAT1 regulated ZEB1 expression
and the proliferation and invasion through miR-143[130]
3p in HCC cells
. Another study showed another
mechanism for how MALAT-1 acts as oncogene.
MALAT1 could promote tumor growth and metastasis
by activating and upregulation of LTBP3 (latent tran
sforming growth factor β-binding protein 3), which
could also be up-regulated by hepatitis B virus X
protein(HBx), which is known to be involved in HCC
progression. These results introduce a vital mechanism
of hepatocarcinogenesis through the signaling of HBx[131]
MALAT1/LTBP3 axis
. In addition, lncRNA MALAT1
act as a molecular sponge of miR-146b-5p to downregulate its expression in HCC. MiR-146b-5p acts as
tumor suppressive by inhibiting the phosphorylation
of Akt mediated by TRAF6. As they found that TNF
receptor associated factor 6 (TRAF6) is a direct target
of miR-146b-5p in HCC. This proves that miR-146b5p inhibits tumor growth and metastasis of HCC by
[132]
targeting TRAF6 mediated Akt phosphorylation .
lncRNA MALAT1 plays a crucial role in tumor pro
gression as study showed that patients with high
expression level of malat-1 have high risk of tumor
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MEG-3

Maternally expressed gene 3 (MEG3) is the first
lncRNA to be found to have tumor suppressor function,
[137]
which is expressed in many human normal tissues .
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Frequently, the expression levels of miR-26a and
MEG3 were found to be downregulated in HCC tissues
compared to non-malignant tissues. Upregulation of
miR-26a markedly decreased the proliferation, invasion
and migration of HCC cells. They thought that DNA
methyltransferase 3b (DNMT3B) was a direct target
gene of miR-26a. Overexpressed miR-26a suppressed
the expression level of DNMT3B. Inhibited expression
of DNMT3B showed similar tumor suppressive effects
induced by miR-26a upregulation, and resulted in
the upregulation of MEG3. Moreover, the expression
levels of DNMT3B were upregulated in the HCC tissues
and it was inversely correlated with miR-26a and
MEG3 in HCC tissues. These findings demonstrated a
new mechanism miR-26a/DNMT3B/MEG3 axis to HCC
[138]
development .
A study confirmed that the TF, NF-κB, could bind
to the MEG3 promoter region and might affect the
transcription of MEG3. MEG3 overexpression would
competitively “sponge” miRNA-664, relieving the
inhibition of miR-664 on the transcription and translation
of alcohol dehydrogenase 4 (ADH4) playing a role in
[139]
inhibiting HCC cell proliferation . P53 is an important
tumor suppressor which is incorporated in preventing
cancer through taking place as a transcription factor
to regulate its target genes. In this study, MEG3 acts
as a tumor suppressor in hepatoma cells through
interacting with p53 protein to activate p53-mediated
transcriptional activity and affect the expression of
[140-143]
partial p53 target genes
. MEG3 regulates HCC
cell proliferation and apoptosis partially through p53
accumulation.
Down-regulation of UHRF1, a new identified oncogene
which is required for DNA methylation, caused MEG3
overexpression in HCC cell lines, which could be
reversed by the up-regulation of UHRF1. Furthermore,
overexpression of MEG3 in HCC cells partially abolished
the promotion of proliferation induced by UHRF1. These
data suggest that MEG3 functioning as a potential
biomarker in predicting the prognosis of HCC, was
regulated by UHRF1 via recruiting DNMT1 and regulated
p53 expression. This means that UHRF1/DNMT1/
MEG3/p53 axis signaling might be involved in HCC
[144]
development . Another study showed that enforced
expression of MEG3 in HCC cells significantly decreased
cell growth, and induced apoptosis. This study found
that miR-29, which can modulate DNMT 1 and 3, could
regulate MEG3 expression. Overexpression of mir-29a
increased expression of MEG3. These findings show
that methylation-dependent tissue-specific regulation
of the lncRNA MEG3 by miR-29a may contribute to HCC
growth and highlight the inter-relationship between two
[145]
classes of non-coding RNA, miRNAs and lncRNAs
.
Due to resistance of HCC to chemotherapy, this gives
novel cancer treatment methods an overwhelming
significance. Epigenetic therapy in cancer is useful
in reversing some of the cancer defects because of
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reversibility of the epigenetic alterations. A study found
that the “Dendrosomal curcumin” DNC dependent
overexpression of miR-29a and miR-185 can decrease
the expression of DNMT1, 3A and 3B and hence
increases the expression of MEG3. So, DNC may
enhance DNA hypomethylation and re-expression of
silenced tumor suppressor genes in HCC. These findings
suggest that DNC could be an effective choice for
[146]
epigenetic therapy of HCC .

Actin filament associated protein 1-antisense RNA 1

lncRNA actin filament associated protein 1-antisense
RNA 1 (AFAP1-AS1) is significantly upregulated in
HCC patients with association to poor prognosis. Its
knockdown inhibits cellular proliferation, invasion
[147]
and metastasis and increased apoptosis in vivo
.
Moreover, AFAP1-AS1 reported to induce cellular
proliferation and invasion and inhibit apoptosis by the
upregulation of RhoA/Rac2 pathway in the cell cycle,
MMP-9 and PCNA protein levels and apoptotic indexes
[148]
cyclinD1 along with the downregulation of Bax .

ANRIL (CDKN2B-AS)

A study results showed that , lncRNA ANRIL could
serve as a potential therapeutic target as lncRNA
ANRIL expression is significantly increased in HCC
tissues and strongly correlated with advanced clinical
features, and the down-regulated expression of lncRNA
ANRIL could inhibit HCC cells proliferation, migra
[149]
tion and invasion
. Another study showed that its
overexpression may be an important factor for HCC
progression, through silencing of Kruppel-like factor 2
[150]
(KLF2) by binding with PRC2 .

ATB

lncRNA-ATB enhanced the expression of ZEB1 and ZEB2
by competitive binding to the miR-200 family and hence,
induced EMT and invasion. Furthermore, lncRNA-ATB
stimulated organ colonization of disseminated tumor
cells by binding IL-11 mRNA, autocrine induction of
IL-11, and triggering STAT3 signalling. Generally, lncRNA[151]
ATB promotes the invasion-metastases cascade .

Colon cancer associated transcript 1

Colon cancer associated transcript 1 (CCAT1) is
found to be overexpressed in HCC patients and could
promote cellular proliferation and migration in tumor
[152]
cells in vitro
. Additionally, CCAT1’s overexpression
in HCC patients is regulated by c-myc expression
that binds to the E-box of CCAT1 promoter region,
increasing it expression and cellular proliferation
[153]
and tumorigenesis effect
. In an interesting study,
CCAT1 is found to exert its effect in HCC through
acting as a molecular sponge for let-7, inhibiting its
functions and restoring the levels of HMGA2 and c-myc
[154]
hence enhancing cell proliferation and migration
.
CCAT1 regulated CDK1 expression through functioning
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[162]

as a ceRNA and inhibiting miR-490-3p in HCC hence
[155]
promoting cellular proliferation and invasion .

binding miR-374a and MCM2 . A study showed that
the lncRNA Ftx exerted the oncogenic function via
miR-545. As RIG-I is a downstream mediator of miR-545
function in HCC. Additionally, lncRNA Ftx or miR-545
caused upregulation of cell cycle regulator Cyclin D1 and
downregulation of p27 by activation of PI3K/Akt. These
findings suggest that lncRNA Ftx/miR-545 axis promotes
HCC progression by activation of Akt signaling pathway
[163]
by targeting RIG-I
.

CCAT2

CCAT2 is referred to as an oncogene as it is over
expressed in HCC, promoting cellular proliferation,
[156]
invasion and metastasis while inhibiting apoptosis .
The upregulation of CCAT2 present in HCC patients
induces tumor growth and invasion via enhancing EMT
through regulating its factors, increasing vimentin
and Snail2 expressions while decreasing E-cadherin
[157]
expression hence accelerating HCC progression .

GAS5

A study showed that lncRNA GAS5 was down-regulated
in the HCC, The aberrant expression of GAS5 was linked
[164]
to a poor prognosis . Another study showed that the
expression level of GAS5 is significantly downregulated
in HCC tissues compared to adjacent normal controls.
GAS5 overexpression decreases hepatoma cell pro
liferation and invasion, promoted the apoptosis of
hepatoma cells, downregulated the vimentin level and
[165]
upregulated E-cadherin level in hepatoma cells
.
Overexpression of GAS5 decreases the migration and
invasion of HCC cells and high expression of miR-21
eliminates GAS5-mediated suppression of HCC cell
migration and invasion.This mean that GAS5 acts as a
tumor suppressor in HCCs through negative regulation
[166]
of miR-21 .

DANCR

DANCR is upregulated in HCC tumor tissue and plasma
levels of patients with better diagnostic value and
accuracy than alpha fetoprotein (AFP). High levels of
DANCR promotes microvascular invasion and metast
asis and its knockdown inhibits cellular proliferation
and metastasis through inhibiting β-catenin signaling
[158]
pathway
. DANCR is also found to increase the
stem-like characters of HCC cells aiding tumorigenesis,
proliferation and invasion via the interaction with
CTNNB1 which reverses the inhibitory effect miR-214,
[159]
miR-320a and miR-199a exerted on CTNNB1 .

EGFR

H19

It was found the EGFR-AS1 was up regulated in HCC,
furthermore it was determined that it promotes HCC
development by improving the ability of invasion and
proliferation of HCC cell, Beside the fact that it affects
the cell cycle. To sum up, EGFR-AS1 may act as a
prognostic factor in HCC and , on the other hand, it was
observed that the inhibition of EGFR-AS1 in HCC cells
significantly impeded cells proliferation and invasion
in vivo which might provide a potential possibility for
[160]
targeted therapy for HCC
. Another study showed
that lnc-epidermal growth factor receptor (EGFR) up
regulation in tergs correlates positively with the tumor
size and expression of EGFR/Foxp 3, but negatively with
INF-y expression in patients and xenografted mouse
models. Lnc-EGFR stimulates treg differentiation,
suppression CTL activity and promotes HCC growth
in an EGFR-dependent manner. Lnc-EGFR links an
immunosuppressive state to cancer by promoting treg
cell differentiation, thus offering a potential therapeutic
[161]
target for HCC .

lncRNA H19 is paternally imprinted and maternally
[167]
expressed , and is located on chromosome 11p15.5,
which is always linked to various diseases and higher
incidence of tumorigenesis. The studies have proven
that LncRNA H19 acts as an oncogene or a suppressor
gene. lncRNA H19 promotes bladder cancer metastasis
by associating with EZH2 and inhibiting E-cadherin
[168]
expression . In contrast, H19 acts as tumor suppressor,
lncRNA H19 may suppress HCC metastasis through
enhancing hnRNPU/PCAF/RNAPol II, and activating
[169]
miR-200 family
. Moreover, another study showed
that inhibition of lncRNA H19 and miR-675 may promote
migration and invasion of HCC cells through activating
[170]
the AKT/ GSK-3β/Cdc25A signaling pathway .

HOXA transcript at the distal TIP

The upregulation of HOXA transcript at the distal TIP
(HOTTIP) in HCC could be a result of loss in miR-125b,
upregulation in HOXA13, downregulation of miR-192 and
[171]
miR-204 or several other interactions with ncRNAs .
HOTTIP is discovered to be significantly upregulated in
HCC patients with positive relation to levels of HOXA13.
This increased loop of HOTTIP/HOXA13 enhances
[172]
cell proliferation and metastasis in HCC patients
.
Furthermore, HOTTIP is shown to be the downstream
target of miR-192 and miR-204 which in turn positively
modulate glutaminase (GLS1). miR-192 and miR-204
negatively regulate HOTTIP hence inhibiting GLS1

Five prime to XIST

Lnc-FTX (five prime to XIST) represses Wnt/β-catenin
signaling activity by competitively sponging miR-374a
and inhibits HCC cell EMT and invasion. Furthermore, lncFTX binds to the DNA replication licensing factor MCM2,
impeding DNA replication and inhibiting proliferation
in HCC cells. These findings suggest that lnc-FTX can
function as a tumor suppressor in HCC by physically
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mediated glutaminolysis which interrupts HCC proli
[173]
feration and cell viability . The knockdown of HOTTIP
caused by overexpression of miR-125b inhibited HCC
proliferation, migration and tumorigenicity along with
[174]
some HOXA gene expression .

increase cell proliferation and migration, and inhibit
apoptosis. Findings suggest that PCAT‑1 acts as an
tumor promotor in HCC and silencing PCAT-1 may
[182]
be a potential novel therapeutic strategy for HCC
.
Another study suggests that the increased expression
of PCAT-1 was correlated with advanced clinical
parameters and poor overall survival of HCC patients,
indicating that PCAT-1 up-regulation may serve as a
[183]
novel biomarker of poor prognosis in HCC patients .

Nuclear enriched abundant transcript 1

Nuclear enriched abundant transcript 1 (NEAT1) was
concluded to be upregulated in HCC patients acce
lerating cellular proliferation, metastasis and vasoinvasion. Additionally, the high levels were associated
[175]
with the expression of MTDH, NM23 and MALAT1 .
The expression of NEAT1 in HCC patients was signi
ficantly increased which promoted cell viability and
inhibited apoptosis. The mechanism underlying this
effect could be the inhibition of miR-129-5p by NEAT1
through regulating VCP/ IκB which are the downstream
[176]
targets of the miRNA
. The high levels of NEAT1
in HCC patients promote cellular proliferation and
migration through binding to U2AF65 and regulating
[177]
hnRNP A2 expression .

PVT1 (Pvt1 oncogene)

A study on serum lncRNA for diagnosis of HCC
concluded that PVT1 and uc002mbe.2 in combination
served as an accurate diagnostic biomarker that
can be associated with tumor size and BCLC value
[184]
with a predictive ability better than AFP
. Human
PVT1 is upregulated in HCC tissues and is associated
with poor prognosis, enhanced cellular proliferation
and migration which is achieved through binding
and stabilizing NOP2, a cell cycle gene, all under the
[185]
control of TGF-β1 . As an oncogene, PVT1 enhances
tumor growth and migration through functioning as
an endogenous sponge for miR-186-5p abolishing its
inhibitory action on YAP1, restoring its upregulation in
[186]
HCC hence promoting tumorigenesis .

Long intergenic non-coding RNA 00152

Long intergenic non-coding RNA 00152 (linc00152) is
significantly upregulated in HCC patients with fine dia
[103]
gnostic accuracy between HCC samples and control .
Linc00152 promotes cellular proliferation and tumor
growth through the phosphorylation and activation of
the mechanistic target of rapamycin(mTOR) signaling
pathway by binding to EpCAM promoter and upregulating
[178]
its expression .

SNHG1

SNHG1 overexpression in HCC is correlated with large
tumor size, poor differentiation and poor prognosis.
SNHG1 promoted cell proliferation and inhibited cell
apoptosis through the inhibitory action on p53 and p53
[187]
target genes
. SNHG1 is found to be significantly
upregulated in HCC aiding in cellular proliferation,
invasion a migration in HepG2 cells which is achieved
through the possible inhibition of miR-195 proving to
[188]
be one of its downstream targets .

P21 (CDK-interacting protein 1)

lincRNA-p21 is one of the lncRNAs, which contains
longer than 200 nucleotides. It is initially identified
as a direct transcriptional target of p53 and acts as a
translational suppressor by direct binding to the target
[179]
mRNA
. a study showed that overexpression of
lincRNA-p21 led to downregulation of Notch signalrelated proteins Hes-1 and NICD and the expression
of EMT-related proteins E-cadherin and Claudin-1 was
increased, and the expression of proteins N-cadherin
[180]
and snail was reduced causing inhibition of invasion .
Another study showed that lincRNA-p21 negatively
regulated miR-9 expression level, and miR-9 was
upregulated in human HCC tissues and cells. The
knock down of miR-9 suppressed HCC migration and
invasion in vitro, since E-cadherin was a direct target
of miR-9, the expression level of E-cadherin was
found to be regulated by lincRNA-p21 and miR-9. The
data suggested that lincRNA-p21 inhibits migration
and invasion of HCC by regulating miR-9-mediated
[181]
E-cadherin cascade signaling pathway .

SNHG6

SNHG6 is reported to be among the dysregulated genes
in HCC and its expression is related to co-expressed
genes on 8q involved in structural integrity of ribosome
[189]
and translation . Among various SNHG6 transcripts,
SNHG6-003 only showed to be oncogenic enhancing
cell proliferation and drug resistance. SNHG6-003
functions as a ceRNA, acting as a sponge for miR26a and miR-26b inhibiting their functions hence,
modulating the levels of transforming growth factor-βactivated kinase 1(TAK1). Additionally, SNHG6-0003
shows a significant co-expression pattern with TAK1 as
[190]
both are upregulated in various kinds of cancers .

SNHG20

SNHG20 is significantly upregulated in HCC patients and
positively correlated to tumor size, cellular proliferation,
invasion and poor prognosis. Its knockdown results
in remarkable inhibition of cellular proliferation and

PCAT-1

A study showed that overexpression of PCAT‑1 led to
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[191]

invasion in SK-Hep-1 cells
. The consequence of
high levels of SNHG20 on HCC cells occurs due to the
binding of SNHG20 to the enhancer of zeste homolog 2
(EZH2) that regulates E-cadherin expression along with
SNHG20’s ability to modulate ZEB1, ZEB2, N-cadherin
[192]
and vimentin in a positive relation .

observed in HCC specimens, suggesting the significance
of UCA1 in HBx-mediated hepatocarcinogenesis. Also,
they demonstrated that UCA1 repressed p27 expression
at least partly through associating with chromatinmodifying complexes PRC2 component EZH2 in HCC
cells. So, they provided a significant mechanism of
hepatocarcinogenesis through the signaling of HBx[203]
UCA1/EZH2-p27Kip1 axis . UCA1 acts as an oncogene
by promoting malignant progression of human HCC,
UCA1 acts as an endogenous sponge to reduce miR216b expression, resulting in derepression of FGFR1
expression and activation of FGFR1/ERK signaling
pathway in HCC, providing a novel signaling pathway
[204]
UCA1-miR-216b-FGFR1-ERK in HCC .

Sprouty 4-intron transcript 1

Sprouty 4-intron transcript (SPRY4-IT) was significantly
increased in HCC cells, and overexpression of SPRY4IT1 can promote cell proliferation and increase the cell
invasion ability via promoting EMT progression and
[193]
interacting with Estrogen Related Receptor α (ERR-α) .
Moreover, it can suppress Twist1 and vimentin expression
[194]
and increase E-cadherin expression .

XIST

the taurine upregulated gene 1

During previous studies, it is concluded that XIST and
its activator JPX are downregulated in HCC patients and
[205]
their levels serve as a biomarker of poor prognosis .
XIST modulates the regulation of miR-181a on PTEN
as siXIST enhances cellular proliferation and migration
in HCC patients via binding to miR-181a at multiple
[206]
binding sites . XIST functions as a tumor suppressor
through interacting with miR-92b and inhibiting its miR92b/Smad7 axis hence inhibiting its oncogenic effect on
[207]
HCC cells . On the contrary to previous studies, XIST
was reported upregulated in HCC patients associated
with poor prognosis and enhanced tumorigenesis. This
is achieved through activation of AKT signaling via
modulation of miR-139-5p/PDK1 axis as XIST has a
[208]
reciprocal repression with miR-139-5p .

The taurine upregulated gene 1 (TUG1) many studies
have found that TUG1 plays vital roles in many human
cancers, such as HCC, osteosarcoma, glioma and
[195-198]
bladder cancer
. A study showd that TUG1 was
up-regulated in HCC tissues than that in corresponding
non-tumor tissues. The findings suggest that TUG1
upregulation was induced by nuclear transcription
factor SP1 and TUG1 can regulate KLF2 expression in
[195]
the epigenetic level by binding to PRC2 .

TCF7

LncRNA TCF7, as a T cell factor, is well known for
its function in T lymphocyte development and multi
[199]
potential hematopoietic cell self-renewal
. A study
found that IL-6 transcriptionally activated the expression
of lncTCF7 in HCC cells by activating STAT3, a tran
scription activator which binds to promoter regions of
lncTCF7. Moreover, STAT3 knock down reduced lncTCF7
expression. Importantly, RNA interference-based
attenuation of lncTCF7 prevented IL-6-induced EMT and
cell invasion. These findings highlights the existence
of an aberrant IL-6/STAT3/lncTCF7 signaling axis that
[200]
leads to HCC aggressiveness through EMT induction .
Another study showed that lncTCF7 can promote liver
CSC self-renewal and tumor progression by activation of
Wnt signaling through recruiting the SWI/SNF complex
[201]
to the TCF7 promoter .

Interplay of lncRNAs with miRNAs
Emerging evidences proved an intensive interaction
between lncRNAs and microRNAs as summarized in
Table 1.
Emerging studies have demonstrated the mani
pulation of lncRNAs expression in different models.
Mice models as well as in vivo and in vitro models are
summarized in Table 2.

Conclusion
In conclusion, despite the various unanswered qu
estions about ncRNAs, specifically lncRNAs; their
role in HCC has been exhaustively researched. This
research reached to a conclusion that lncRNA act as
an important regulator in various biological processes
rendering its dysregulation a factor in various diseases,
including HCC. HCC-related lncRNAs play a crucial
role in tumor initiation, progression and treatment.
Their functions could be exploited for diagnosis as well
as treatment giving them an exceptional potential in
targeted therapy of HCC. During the years, various
lncRNAs have been studied and several molecular
mechanisms have been understood, however, further

UCA1

A study indicated that UCA1 expression may potentially
promote the EMT in HCC, by upregulating the
expression of Snail2. MiR-203 was a target of UCA1
and UCA1 upregulated Snail2 by negatively regulating
miR-203. This indicated a novel UCA1/miR203/Snail2
[202]
signaling pathway regulatory network in HCC
. A
study discovered that UCA1, upregulated by HBx,
displayed a crucial role in G1/S transition in both
hepatic and hepatoma cells. Moreover, a positive
correlation between the expression of UCA1 and HBx
and a negative correlation between UCA1 and p27 were
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Table 1 Interplay between long non-coding RNAs and miRNAs
lncRNA

miRNA

Effect/ relationship

Pathway

HULC

miR-6825-5p, miR-6845-5p,
miR-6886-3p
miR-200a-3p
miR-107
miR-203
miR-9 (ZNFX1-AS1)

Inhibitory

miR-372 (PCAT-14)

Inhibitory

miR-181a
miR-92b
miR-139-5p
Let-7
miR-490-3p
miR-20a
miR-384
miR-214, miR-320a, miR-199a

Inhibitory
Inhibitory
Inhibitory
Inhibitory
Inhibitory
Interaction
Inhibitory
Cancels its effect

miR-374a
miR-545
miR-21

inhibitory
interaction
inhibitory

miR-200a/b/429
miR-200
miR-675
miR-1
miR-218

Inhibitory
activation
inhibitory
Inhibitory
Inhibitory

Increasing chemotherapy sensitivity through USP22 and sirt1 levels
controlling autophagy
Increasing ZEB1 expression, EMT and metastasis
Upregulates E2F1, activates SPHK1 and angiogenesis
Inhibits cellular proliferation and induces apoptosis
Positive feedback loop of HULC/miR-9/PPARA/ACSL1/HULC for
lipid metabolism regulation
Auto-regulatory loop of CREB/HULC/miR-372/PRKACB/CREB/
HULC enhancing cellular proliferation
Binds to several binding sites on miR-181a modulating its function
Suppresses miR-92b/Smad7 oncogenic axis
Modulate the miR-139-5p/PDK1/AKT axis
Restoring HMGA2 and c-myc levels and enhancing cell proliferation
Regulate CDK1 and HCC proliferation
Regulate Erg2 expression
Enhances expression of NF-κB and p-AKT
Cancels the inhibitory effect they exert on CTNNB1 hence enhancing
tumorigenesis
represses Wnt/β-catenin signaling pathway
Tumor promotor through activation of PI3K/Akt
downregulated the vimentin level and the upregulated E-cadherin
level
Associates with EZH2 and silences miRNA
tumor-suppressive by mediating hnRNPU/PCAF/RNAPol II
Activation of the AKT/ GSK-3β/Cdc25A signaling pathway

miR-192, miR-204
miR-125b
miR-128, miR-485-3p
miR-145
miR-143-3p
miR-146b-5p
miR-29a
miR-26a
miR-129-5p

Negative
Negative
Complementary base pairing
Inhibitory
inhibitory
inhibitory
interaction
Negative
Inhibitory

miR-9
miR-372 (HULC)
miR-17, miR-19b, miR-20a
miR-186-5p
miR-195
miR-26a, miR-26b
miR-199a/b-5p
miR-200a
miR-203
miR-216b
miR-140-5p
miR-9

inhibitory
Inhibitory
Inhibitory
Inhibitory
Inhibitory
Inhibitory
Inhibitory
Inhibitory
interaction
inhibitory
Inhibitory
Positive

XIST

CCAT1
AF113014
CRNDE
DANCR
FTX
GAS5
GIHCG
H19
HOTAIR

HOTTIP
Linc00052
Linc-ROR
MALAT-1
MEG-3
NEAT1
lincRNA-p21
PCAT-14
PTENP1
PVT1
SNHG1
SNHG6
SNHG12
TP73-AS1
UCA1
Unigene56159
ZNFX1-AS1

Inhibitory
Inhibitory
Inhibitory
Inhibitory

Inhibits P16(lnk4a) and P14(ARF) expression, activates Bmi-1 and
tumorigenesis
Inhibit HOTTIP expression, GLS1 and HCC proliferation
Inhibits HOTTIP expression and HOXA genes
Modulating NTRK3 expression
Enhances HIF-1α/PDK1 expression
regulated ZEB1 expression
targeting TRAF6 mediated Akt phosphorylation
modulate DNMT 1 and 3
Modulates miR-26a/DNMT3B/MEG3
Inhibits the miRNA through regulating VCP/IκB, its downstream
pathway
Tumor suppressive
Regulates ATAD2 and hedgehog pathway
Inhibiting PIK3T/AKT pathway and inducing autophagy
Restores YAP1 expression levels
Modulate TAK1 expression
ceRNA, Enhancing MLK3 expression and NF-κB pathway
miR-200a dependent HMGB1/RAGE regulation
UCA1/miR203/Snail2 signaling pathway regulatory network
activation of FGFR1/ERK signaling pathway
ceRNA, Restoring slug expression and EMT
Tumor suppression

HOTTIP: HOXA transcript at the distal TIP; lncRNAs: Long non-coding RNAs; PCAT: Prostate cancer-associated transcript; HULC: Highly up-regulated in
liver cancer; XIST: X-inactive specific transcript; TCF7: Transcription factor 4; TUG1: Taurine upregulated gene 1; EGFR: Epidermal growth factor receptor;
CCAT1: Colon cancer associated transcript 1; MALAT1: Metastasis-associated lung adenocarcinoma transcript 1; UCA1: Urothelial carcinoma-associated 1;
SPRY4-IT: Sprouty 4-intron transcript; SNHG: Small nucleolar rna host gene.

researches need to be done to enlighten more
research calibers about lncRNAs giving it the distinction
it deserves to intrigue the biopharmaceutical field.
During this review, certain lncRNAs such as HULC,
HOTAIR, MALAT1 and MEG3 showed extensive roles
related to HCC tumorigenesis. Moreover, in this review,
the focus was showing the interplay between lncRNAs
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and other ncRNAs contributing to HCC progression or
treatment. Complex pathways have been discovered
that included lncRNAs affecting miRNAs and proteins
aiding or suppressing HCC. These pathways are good
candidates for targeted therapy in HCC patients.
Moreover, the serum and tissue levels of lncRNAs serve
as an accurate diagnostic marker for HCC patients
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Table 2 Different models used in studies
lncRNA
HULC

HOTAIR

SNHG

MALAT1

MEG3

Study

Model

Molecular mechanism of HEIH and HULC in the proliferation and invasion of
In vitro
hepatoma cells.
lncRNA HULC promotes the growth of hepatocellular carcinoma cells via stabilizing
In vitro
COX-2 protein
lncRNA HULC triggers autophagy via stabilizing Sirt1 and attenuates the
In vitro and in vivo (nude mice)
chemosensitivity of HCC cells.
lncRNA HULC enhances epithelial-mesenchymal transition to promote tumorigenesis In vitro and in vivo (nude mice)
and metastasis of hepatocellular carcinoma via the miR-200a-3p/ZEB1 signaling
pathway.
lncRNA HULC promotes tumor angiogenesis in liver cancer by up-regulating
In vitro and in vivo (nude mice)
sphingosine kinase 1 (SPHK1)
Specificity protein (Sp) transcription factors and metformin regulate expression of the
In vitro
long non-coding RNA HULC
miR-203 suppresses the proliferation and metastasis of hepatocellular carcinoma by
In vitro
targeting oncogene ADAM9 and oncogenic long non-coding RNA HULC.
Long noncoding RNA HULC modulates abnormal lipid metabolism in hepatoma cells In vitro and in vivo (nude mice)
through an miR-9-mediated RXRA signaling pathway.
Long noncoding RNA HULC modulates the phosphorylation of YB-1 through
In vitro
serving as a scaffold of extracellular signal-regulated kinase and YB-1 to enhance
hepatocarcinogenesis.
Clinical significance of the expression of long non-coding RNA HOTAIR in primary
In vitro
hepatocellular carcinoma.
Overexpression of long non-coding RNA HOTAIR predicts tumor recurrence in
In vitro
hepatocellular carcinoma patients following liver transplantation.
Long non-coding RNA HOTAIR is a marker for hepatocellular carcinoma progression In vitro and in vivo (nude mice)
and tumor recurrence.
Large intervening non-coding RNA HOTAIR is associated with hepatocellular
In vitro
carcinoma progression
The long noncoding RNA HOTAIR activates autophagy by upregulating ATG3 and
In vitro
ATG7 in hepatocellular carcinoma
LncRNA HOTAIR promotes human liver cancer stem cell malignant growth through
In vitro and in vivo (mice)
downregulation of SETD2
HOTAIR, a long non-coding RNA driver of malignancy whose expression is activated
In vitro and in vivo (mice)
by FOXC1, negatively regulates miRNA-1 in hepatocellular carcinoma.
Hotair mediates hepatocarcinogenesis through suppressing miRNA-218 expression
In vitro and in vivo (mice)
and activating P14 and P16 signaling.
Long non-coding RNA HOTAIR promotes cell migration and invasion via downIn vitro
regulation of RNA binding motif protein 38 in hepatocellular carcinoma cells.
SNHG3 correlates with malignant status and poor prognosis in hepatocellular
In vitro
carcinoma.
Long non-coding RNA small nucleolar RNA host gene 12 (SNHG12) promotes
In vitro
tumorigenesis and metastasis by targeting miR-199a/b-5p in hepatocellular carcinoma.
Long noncoding RNA SNHG15, a potential prognostic biomarker for hepatocellular
In vitro
carcinoma
Long noncoding RNA SNHG1 predicts a poor prognosis and promotes hepatocellular
In vitro
carcinoma tumorigenesis
Expression of Long Non-Coding RNA (lncRNA) Small Nucleolar RNA Host Gene 1
In vitro
(SNHG1) Exacerbates Hepatocellular Carcinoma Through Suppressing miR-195
The long non-coding RNA, SNHG6-003, functions as a competing endogenous RNA to
In vitro
promote the progression of hepatocellular carcinoma.
Up-regulation of LncRNA SNHG20 Predicts Poor Prognosis in Hepatocellular
In vitro
Carcinoma.
Long non-coding RNA SNHG20 predicts a poor prognosis for HCC and promotes cell
In vitro
invasion by regulating the epithelial-to-mesenchymal transition.
Long Non-Coding RNA MALAT1 Regulates ZEB1 Expression by Sponging miR-143-3p
In vitro
and Promotes Hepatocellular Carcinoma progression.
HBx-related long non-coding RNA MALAT1 promotes cell metastasis via up-regulating In vitro and in vivo (Male BALB/C
LTBP3 in hepatocellular carcinoma.
nude mice)
Down-regulation of miR-146b-5p by long noncoding RNA MALAT1 in hepatocellular In vitro and in vivo (nude mice)
carcinoma promotes cancer growth and metastasis.
Long non-coding RNA MALAT-1 overexpression predicts tumor recurrence of
In vitro
hepatocellular carcinoma after liver transplantation.
Armored long non-coding RNA MEG3 targeting EGFR based on recombinant MS2
In vitro and in vivo (BALB/c nude
bacteriophage virus-like particles against hepatocellular carcinoma.
mice)
MicroRNA-26a inhibits proliferation and metastasis of human hepatocellular carcinoma
In vitro
by regulating DNMT3B-MEG3 axis.
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AFAP1-AS1

ANRIL
ATB
CCAT1

CCAT2

DANCR

EGFR
FTX
GAS-5

H19
HOTTIP

Linc00152
NEAT1

P21

PCAT1

PRAL
PVT1

Overexpression of Long Non-Coding RNA MEG3 Inhibits Proliferation of
In vitro
Hepatocellular Carcinoma Huh7 Cells via Negative Modulation of miRNA-664.
Long Noncoding RNA MEG3 Interacts with p53 Protein and Regulates Partial p53
In vitro
Target Genes in Hepatoma Cells
The aberrant expression of MEG3 regulated by UHRF1 predicts the prognosis of
In vitro
hepatocellular carcinoma.
microRNA-29 can regulate expression of the long non-coding RNA gene MEG3 in
In vitro
hepatocellular cancer.
Long noncoding RNA AFAP1-AS1 indicates a poor prognosis of hepatocellular
In vitro and in vivo (mice)
carcinoma and promotes cell proliferation and invasion via upregulation of the RhoA/
Rac2 signaling.
Critical role for the long non-coding RNA AFAP1-AS1 in the proliferation and
In vitro and in vivo (mice)
metastasis of hepatocellular carcinoma.
High expression of long non-coding RNA ANRIL is associated with poor prognosis in
In vitro
hepatocellular carcinoma.
A long noncoding RNA activated by TGF-beta promotes the invasion metastasis
In vitro and in vivo (nude mice)
cascade in hepatocellularcarcinoma.
Aberrant Expression of CCAT1 Regulated by c-Myc Predicts the Prognosis of
In vitro
Hepatocellular Carcinoma.
CCAT1 promotes hepatocellular carcinoma cell proliferation and invasion.
In vitro
Long noncoding RNA CCAT1 promotes hepatocellular carcinoma progression by
In vitro
functioning as let-7 sponge.
Long non-coding RNA CCAT2 is associated with poor prognosis in hepatocellular
In vitro
carcinoma and promotes tumor metastasis by regulating Snail2-mediated epithelialmesenchymal transition.
Long non-coding RNA CCAT2 functions as an oncogene in hepatocellular carcinoma,
In vitro
regulating cellular proliferation, migration and apoptosis
Long noncoding RNA DANCR increases stemness features of hepatocellular carcinoma
In vitro and in vivo (mice)
by derepression of CTNNB1.
DANCR Acts as a Diagnostic Biomarker and Promotes Tumor Growth and Metastasis
In vitro and in vivo (mice)
in Hepatocellular Carcinoma
The long noncoding RNA, EGFR-AS1, a target of GHR, increases the expression of
In vitro and in vivo
EGFR in hepatocellular carcinoma.
Ftx non coding RNA-derived miR-545 promotes cell proliferation by targeting RIG-I in In vitro and in vivo (nude mice)
hepatocellular carcinoma.
Decreased expression of long non-coding RNA GAS5 indicates a poor prognosis and
In vitro
promotes cell proliferation and invasion in hepatocellular carcinoma by regulating
vimentin.
Down-regulation of long non-coding RNA GAS5 is associated with the prognosis of
In vitro
hepatocellular carcinoma.
Epigenetic activation of the MiR-200 family contributes to H19-mediated metastasis
In vitro and in vivo (Nude mice)
suppression in hepatocellular carcinoma.
Long non-coding RNA HOTTIP is frequently up-regulated in hepatocellular carcinoma
In vivo (mice)
and is targeted by tumour suppressive miR-125b.
MiRNA-192 [corrected] and miRNA-204 Directly Suppress lncRNA HOTTIP and
In vitro and in vivo (mice)
Interrupt GLS1-Mediated Glutaminolysis in Hepatocellular Carcinoma.
Long noncoding RNA HOTTIP/HOXA13 expression is associated with disease
In vitro
progression and predicts outcome in hepatocellular carcinoma patients.
LINC00152 promotes proliferation in hepatocellular carcinoma by targeting EpCAM
In vitro and in vivo (mice)
via the mTOR signaling pathway.
Long non-coding RNA NEAT1 promotes hepatocellular carcinoma cell proliferation
In vitro and in vivo (mice)
through the regulation of miR-129-5p-VCP-IκB.
Long noncoding RNA NEAT1 promotes cell proliferation and invasion by regulating
In vitro and in vivo (mice)
hnRNP A2 expression in hepatocellular carcinoma cells.
lincRNA-p21 inhibits invasion and metastasis of hepatocellular carcinoma through
In vitro and in vivo (nude mice)
Notch signaling-induced epithelial-mesenchymal transition.
LincRNA-p21 inhibits invasion and metastasis of hepatocellular carcinoma through
In vitro
miR-9/E-cadherin cascade signaling pathway molecular mechanism.
Upregulation of long non coding RNA PCAT-1 contributes to cell proliferation,
In vitro
migration and apoptosis in hepatocellular carcinoma.
Prognostic significance of long non-coding RNA PCAT-1 expression in human
In vitro
hepatocellular carcinoma.
Systemic genome screening identifies the outcome associated focal loss of long
In vitro and in vivo (mice)
noncoding RNA PRAL in hepatocellular carcinoma
Long non-coding RNA PVT1 serves as a competing endogenous RNA for miR-186-5p
In vitro
to promote the tumorigenesis and metastasis of hepatocellular carcinoma.
Oncofetal long noncoding RNA PVT1 promotes proliferation and stem cell-like
In vitro and in vivo (mice)
property of hepatocellular carcinoma cells by stabilizing NOP2.
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SPRY4-IT1
TCF7

TUG1
UCA1

XIST

Overexpression of the long non-coding RNA SPRY4-IT1 promotes tumor cell
proliferation and invasion by activating EZH2 in hepatocellular carcinoma
Long noncoding RNA lncTCF7, induced by IL-6/STAT3 transactivation, promotes
hepatocellular carcinoma aggressiveness through epithelial-mesenchymal transition
The long noncoding RNA lncTCF7 promotes self-renewal of human liver cancer stem
cells through activation of Wnt signaling.
Long non-coding RNA TUG1 is up-regulated in hepatocellular carcinoma and
promotes cell growth and apoptosis by epigenetically silencing of KLF2.
HBx-upregulated lncRNA UCA1 promotes cell growth and tumorigenesis by recruiting
EZH2 and repressing p27Kip1/CDK2 signaling
Upregulated lncRNA-UCA1 contributes to progression of hepatocellular carcinoma
through inhibition of miR-216b and activation of FGFR1/ERK signaling pathway.
Long non-coding RNA XIST regulates PTEN expression by sponging miR-181a and
promotes hepatocellular carcinoma progression.
MicroRNA-92b promotes hepatocellular carcinoma progression by targeting Smad7
and is mediated by long non-coding RNA XIST
Long non-coding RNA XIST promotes cell growth by regulating miR-139-5p/PDK1/
AKT axis in hepatocellular carcinoma.

In vitro
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In vitro
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In vitro
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In vitro
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In vitro
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In vitro and in vivo (Mice)

[204]

In vitro

[206]

In vitro and in vivo (mice)

[207]

In vitro and in vivo (mice)

[208]

HOTTIP: HOXA transcript at the distal TIP; lncRNAs: Long non-coding RNAs; PCAT: Prostate cancer-associated transcript; HULC: Highly up-regulated in
liver cancer; XIST: X-inactive specific transcript; TCF7: Transcription factor 4; TUG1: Taurine upregulated gene 1; EGFR: Epidermal growth factor receptor;
CCAT1: Colon cancer associated transcript 1; MALAT1: Metastasis-associated lung adenocarcinoma transcript 1; UCA1: Urothelial carcinoma-associated 1;
SPRY4-IT: Sprouty 4-intron transcript; SNHG: Small nucleolar rna host gene.

that could overcome AFP’s accuracy in the future.
Finally, all the work that is being done adds to the
functional benefits of lncRNAs and the beneficial roles
in diagnosis, treatment and prognosis of HCC.

14
15
16

REFERENCES
1
2
3
4
5
6
7

8
9
10

11
12

13

Ledford H. Language: Disputed definitions. Nature 2008; 455:
1023-1028 [PMID: 18948925 DOI: 10.1038/4551023a]
Goldberg AD, Allis CD, Bernstein E. Epigenetics: a landscape
takes shape. Cell 2007; 128: 635-638 [PMID: 17320500 DOI:
10.1016/j.cell.2007.02.006]
Bird A. Perceptions of epigenetics. Nature 2007; 447: 396-398
[PMID: 17522671 DOI: 10.1038/nature05913]
Weinhold B. Epigenetics: the science of change. Environ Health
Perspect 2006; 114: A160-A167 [PMID: 16507447]
Chen T, Li E. Structure and function of eukaryotic DNA
methyltransferases. Curr Top Dev Biol 2004; 60: 55-89 [PMID:
15094296 DOI: 10.1016/S0070-2153(04)60003-2]
Bestor TH. The DNA methyltransferases of mammals. Hum Mol
Genet 2000; 9: 2395-2402 [PMID: 11005794]
Okano M, Bell DW, Haber DA, Li E. DNA methyltransferases
Dnmt3a and Dnmt3b are essential for de novo methylation
and mammalian development. Cell 1999; 99: 247-257 [PMID:
10555141]
Li E, Bestor TH, Jaenisch R. Targeted mutation of the DNA
methyltransferase gene results in embryonic lethality. Cell 1992;
69: 915-926 [PMID: 1606615]
Fatemi M, Hermann A, Gowher H, Jeltsch A. Dnmt3a and Dnmt1
functionally cooperate during de novo methylation of DNA. Eur J
Biochem 2002; 269: 4981-4984 [PMID: 12383256]
Ma L, Chua MS, Andrisani O, So S. Epigenetics in hepatocellular
carcinoma: an update and future therapy perspectives. World J
Gastroenterol 2014; 20: 333-345 [PMID: 24574704 DOI: 10.3748/
wjg.v20.i2.333]
Wu SC, Zhang Y. Active DNA demethylation: many roads lead to
Rome. Nat Rev Mol Cell Biol 2010; 11: 607-620 [PMID: 20683471
DOI: 10.1038/nrm2950]
Ruthenburg AJ, Li H, Patel DJ, Allis CD. Multivalent engagement
of chromatin modifications by linked binding modules. Nat Rev
Mol Cell Biol 2007; 8: 983-994 [PMID: 18037899 DOI: 10.1038/
nrm2298]
Jenuwein T, Allis CD. Translating the histone code. Science 2001;

WJG|www.wjgnet.com

17
18
19
20

21

22

23

24

25

565

293: 1074-1080 [PMID: 11498575 DOI: 10.1126/science.1063127]
Berger SL. The complex language of chromatin regulation during
transcription. Nature 2007; 447: 407-412 [PMID: 17522673 DOI:
10.1038/nature05915]
Gioia J. Epigenetics. Peanuts a Biotechnical Newsletter. 2009; 9:
3-5
Mattick JS, Makunin IV. Non-coding RNA. Hum Mol Genet
2006; 15 Spec No 1: R17-R29 [PMID: 16651366 DOI: 10.1093/
hmg/ddl046]
Quinn JJ, Chang HY. Unique features of long non-coding RNA
biogenesis and function. Nat Rev Genet 2016; 17: 47-62 [PMID:
26666209 DOI: 10.1038/nrg.2015.10]
Wilusz JE, Sunwoo H, Spector DL. Long noncoding RNAs:
functional surprises from the RNA world. Genes Dev 2009; 23:
1494-1504 [PMID: 19571179 DOI: 10.1101/gad.1800909]
Wang KC, Chang HY. Molecular mechanisms of long noncoding
RNAs. Mol Cell 2011; 43: 904-914 [PMID: 21925379 DOI:
10.1016/j.molcel.2011.08.018]
Plath K, Fang J, Mlynarczyk-Evans SK, Cao R, Worringer KA,
Wang H, de la Cruz CC, Otte AP, Panning B, Zhang Y. Role of
histone H3 lysine 27 methylation in X inactivation. Science 2003;
300: 131-135 [PMID: 12649488 DOI: 10.1126/science.1084274]
Pasmant E, Laurendeau I, Héron D, Vidaud M, Vidaud D, Bièche
I. Characterization of a germ-line deletion, including the entire
INK4/ARF locus, in a melanoma-neural system tumor family:
identification of ANRIL, an antisense noncoding RNA whose
expression coclusters with ARF. Cancer Res 2007; 67: 3963-3969
[PMID: 17440112 DOI: 10.1158/0008-5472.CAN-06-2004]
Yap KL, Li S, Muñoz-Cabello AM, Raguz S, Zeng L, Mujtaba S,
Gil J, Walsh MJ, Zhou MM. Molecular interplay of the noncoding
RNA ANRIL and methylated histone H3 lysine 27 by polycomb
CBX7 in transcriptional silencing of INK4a. Mol Cell 2010; 38:
662-674 [PMID: 20541999 DOI: 10.1016/j.molcel.2010.03.021]
Li G, Zhang H, Wan X, Yang X, Zhu C, Wang A, He L, Miao
R, Chen S, Zhao H. Long noncoding RNA plays a key role
in metastasis and prognosis of hepatocellular carcinoma.
Biomed Res Int 2014; 2014: 780521 [PMID: 24757675 DOI:
10.1155/2014/780521]
Parasramka MA, Maji S, Matsuda A, Yan IK, Patel T. Long
non-coding RNAs as novel targets for therapy in hepatocellular
carcinoma. Pharmacol Ther 2016; 161: 67-78 [PMID: 27013343
DOI: 10.1016/j.pharmthera.2016.03.004]
Bartonicek N, Maag JL, Dinger ME. Long noncoding RNAs in
cancer: mechanisms of action and technological advancements.
Mol Cancer 2016; 15: 43 [PMID: 27233618 DOI: 10.1186/

February 7, 2018|Volume 24|Issue 5|

El Khodiry A et al . lncRNAs and hepatocarcinogenesis

26
27
28

29

30

31
32

33

34

35

36

37

38

39

40

41

s12943-016-0530-6]
Hauptman N, Glavač D. Long non-coding RNA in cancer. Int J
Mol Sci 2013; 14: 4655-4669 [PMID: 23443164 DOI: 10.3390/
ijms14034655]
Li X, Wu Z, Fu X, Han W. Long Noncoding RNAs: Insights from
Biological Features and Functions to Diseases. Med Res Rev 2013;
33: 517-553 [PMID: 22318902 DOI: 10.1002/med.21254]
Gong Z, Zhang S, Zhang W, Huang H, Li Q, Deng H, Ma J, Zhou
M, Xiang J, Wu M, Li X, Xiong W, Li X, Li Y, Zeng Z, Li G.
Long non-coding RNAs in cancer. Sci China Life Sci 2012; 55:
1120-1124 [PMID: 23233227 DOI: 10.1007/s11427-012-4413-9]
Gupta RA, Shah N, Wang KC, Kim J, Horlings HM, Wong DJ,
Tsai MC, Hung T, Argani P, Rinn JL, Wang Y, Brzoska P, Kong B,
Li R, West RB, van de Vijver MJ, Sukumar S, Chang HY. Long
non-coding RNA HOTAIR reprograms chromatin state to promote
cancer metastasis. Nature 2010; 464: 1071-1076 [PMID: 20393566
DOI: 10.1038/nature08975]
Huang X, Xiao R, Pan S, Yang X, Yuan W, Tu Z, Xu M, Zhu
Y, Yin Q, Wu Y, Hu W, Shao L, Xiong J, Zhang Q. Uncovering
the roles of long non-coding RNAs in cancer stem cells. J
Hematol Oncol 2017; 10: 62 [PMID: 28245841 DOI: 10.1186/
s13045-017-0428-9]
Zhou Y, Zhang X, Klibanski A. MEG3 noncoding RNA: a
tumor suppressor. J Mol Endocrinol 2012; 48: R45-R53 [PMID:
22393162 DOI: 10.1530/JME-12-0008]
Hu J, Song C, Duan B, Zhang X, Li D, Zhu L, Gao H. LncRNASVUGP2 suppresses progression of hepatocellular carcinoma.
Oncotarget 2017; 8: 97835-97850 [PMID: 29228655 DOI:
10.18632/oncotarget.18279]
Zeng T, Wang D, Chen J, Tian Y, Cai X, Peng H, Zhu L, Huang A,
Tang H. LncRNA-AF113014 promotes the expression of Egr2 by
interaction with miR-20a to inhibit proliferation of hepatocellular
carcinoma cells. PLoS One 2017; 12: e0177843 [PMID: 28542387
DOI: 10.1371/journal.pone.0177843]
Ni W, Zhang Y, Zhan Z, Ye F, Liang Y, Huang J, Chen K, Chen L,
Ding Y. A novel lncRNA uc.134 represses hepatocellular carcinoma
progression by inhibiting CUL4A-mediated ubiquitination of
LATS1. J Hematol Oncol 2017; 10: 91 [PMID: 28420424 DOI:
10.1186/s13045-017-0449-4]
Ge Z, Cheng Z, Yang X, Huo X, Wang N, Wang H, Wang C, Gu
D, Zhao F, Yao M, Fan J, Qin W. Long noncoding RNA SchLAH
suppresses metastasis of hepatocellular carcinoma through
interacting with fused in sarcoma. Cancer Sci 2017; 108: 653-662
[PMID: 28196303 DOI: 10.1111/cas.13200]
Luo P, Jing W, Zhu M, Li ND, Zhou H, Yu MX, Liang CZ, Tu
JC. Decreased expression of LncRNA SRA1 in hepatocellular
carcinoma and its clinical significance. Cancer Biomark 2017; 18:
285-290 [PMID: 28085012 DOI: 10.3233/CBM-160305]
Huang R, Wang X, Zhang W, Zhangyuan G, Jin K, Yu W, Xie Y,
Xu X, Wang H, Sun B. Down-Regulation of LncRNA DGCR5
Correlates with Poor Prognosis in Hepatocellular Carcinoma.
Cell Physiol Biochem 2016; 40: 707-715 [PMID: 27898409 DOI:
10.1159/000452582]
Zhang L, He T, Yan Y, Zhang Y, Zhou X, Huang P, Kong Y, Xie
M, Zhang L, Sun Q, Zhou D, Xie H, Zhou L, Zheng S, Wang W.
Expression and Clinical Significance of the Novel Long Noncoding
RNA ZNF674-AS1 in Human Hepatocellular Carcinoma.
Biomed Res Int 2016; 2016: 3608914 [PMID: 27896271 DOI:
10.1155/2016/3608914]
Zhang H, Wang F, Hu Y. STARD13 promotes hepatocellular
carcinoma apoptosis by acting as a ceRNA for Fas. Biotechnol
Lett 2017; 39: 207-217 [PMID: 27844181 DOI: 10.1007/
s10529-016-2253-6]
Gao Y, Wang G, Zhang C, Lin M, Liu X, Zeng Y, Liu J. Long noncoding RNA linc-cdh4-2 inhibits the migration and invasion of
HCC cells by targeting R-cadherin pathway. Biochem Biophys Res
Commun 2016; 480: 348-354 [PMID: 27765630 DOI: 10.1016/
j.bbrc.2016.10.048]
Xiao C, Wang C, Cheng S, Lai C, Zhang P, Wang Z, Zhang T,
Zhang S, Liu R. The significance of low levels of LINC RP1130-1

WJG|www.wjgnet.com

42

43

44

45

46

47

48
49

50

51

52

53

54

55

566

expression in human hepatocellular carcinoma. Biosci Trends 2016;
10: 378-385 [PMID: 27773892 DOI: 10.5582/bst.2016.01123]
Wang T, Ma S, Qi X, Tang X, Cui D, Wang Z, Chi J, Li P, Zhai
B. Long noncoding RNA ZNFX1-AS1 suppresses growth of
hepatocellular carcinoma cells by regulating the methylation of
miR-9. Onco Targets Ther 2016; 9: 5005-5014 [PMID: 27574442
DOI: 10.2147/OTT.S103329]
Xiong D, Sheng Y, Ding S, Chen J, Tan X, Zeng T, Qin D, Zhu L,
Huang A, Tang H. LINC00052 regulates the expression of NTRK3
by miR-128 and miR-485-3p to strengthen HCC cells invasion and
migration. Oncotarget 2016; 7: 47593-47608 [PMID: 27351280
DOI: 10.18632/oncotarget.10250]
Feo F, Simile MM, Pascale RM. Focal loss of long non-coding
RNA-PRAL, as determinant of cell function and phenotype of
hepatocellular carcinoma. Ann Transl Med 2016; 4: 183 [PMID:
27275496 DOI: 10.21037/atm.2016.03.47]
Zhang H, Zhu C, Zhao Y, Li M, Wu L, Yang X, Wan X, Wang A,
Zhang MQ, Sang X, Zhao H. Long non-coding RNA expression
profiles of hepatitis C virus-related dysplasia and hepatocellular
carcinoma. Oncotarget 2015; 6: 43770-43778 [PMID: 26540467
DOI: 10.18632/oncotarget.6087]
Huang JF, Guo YJ, Zhao CX, Yuan SX, Wang Y, Tang GN, Zhou
WP, Sun SH. Hepatitis B virus X protein (HBx)-related long
noncoding RNA (lncRNA) down-regulated expression by HBx
(Dreh) inhibits hepatocellular carcinoma metastasis by targeting
the intermediate filament protein vimentin. Hepatology 2013; 57:
1882-1892 [PMID: 23239537 DOI: 10.1002/hep.26195]
Yang F, Huo XS, Yuan SX, Zhang L, Zhou WP, Wang F, Sun
SH. Repression of the long noncoding RNA-LET by histone
deacetylase 3 contributes to hypoxia-mediated metastasis. Mol
Cell 2013; 49: 1083-1096 [PMID: 23395002 DOI: 10.1016/
j.molcel.2013.01.010]
Liu L, Liao JZ, He XX, Li PY. The role of autophagy in
hepatocellular carcinoma: friend or foe. Oncotarget 2017; 8:
57707-57722 [PMID: 28915706 DOI: 10.18632/oncotarget.17202]
Wang TH, Yu CC, Lin YS, Chen TC, Yeh CT, Liang KH,
Shieh TM, Chen CY, Hsueh C. Long noncoding RNA CPS1IT1 suppresses the metastasis of hepatocellular carcinoma by
regulating HIF-1α activity and inhibiting epithelial-mesenchymal
transition. Oncotarget 2016; 7: 43588-43603 [PMID: 27248828
DOI: 10.18632/oncotarget.9635]
Wang Y, Liu Z, Yao B, Dou C, Xu M, Xue Y, Ding L, Jia Y, Zhang
H, Li Q, Tu K, Jiao Y, Liu Q, Guo C. Long non-coding RNA
TUSC7 acts a molecular sponge for miR-10a and suppresses EMT
in hepatocellular carcinoma. Tumour Biol 2016; 37: 11429-11441
[PMID: 27002617 DOI: 10.1007/s13277-016-4892-6]
Lv L, Chen G, Zhou J, Li J, Gong J. WT1-AS promotes cell
apoptosis in hepatocellular carcinoma through down-regulating
of WT1. J Exp Clin Cancer Res 2015; 34: 119 [PMID: 26462627
DOI: 10.1186/s13046-015-0233-7]
Wang TH, Lin YS, Chen Y, Yeh CT, Huang YL, Hsieh TH,
Shieh TM, Hsueh C, Chen TC. Long non-coding RNA AOC4P
suppresses hepatocellular carcinoma metastasis by enhancing
vimentin degradation and inhibiting epithelial-mesenchymal
transition. Oncotarget 2015; 6: 23342-23357 [PMID: 26160837
DOI: 10.18632/oncotarget.4344]
Zheng H, Yang S, Yang Y, Yuan SX, Wu FQ, Wang LL, Yan HL,
Sun SH, Zhou WP. Epigenetically silenced long noncoding-SRHC
promotes proliferation of hepatocellular carcinoma. J Cancer
Res Clin Oncol 2015; 141: 1195-1203 [PMID: 25512078 DOI:
10.1007/s00432-014-1871-4]
Gan Y, Han N, He X, Yu J, Zhang M, Zhou Y, Liang H, Deng J,
Zheng Y, Ge W, Long Z, Xu X. Long non-coding RNA CASC2
regulates cell biological behaviour through the MAPK signalling
pathway in hepatocellular carcinoma. Tumour Biol 2017; 39:
1010428317706229 [PMID: 28621238 DOI: 10.1177/1010428317
706229]
He X, Zheng Y, Zhang Y, Gan Y, Zhou Y, Liang H, Wu D, Ge W,
Deng J, Xu X. Long non-coding RNA AK058003, as a precursor of
miR-15a, interacts with HuR to inhibit the expression of γ-synuclein

February 7, 2018|Volume 24|Issue 5|

El Khodiry A et al . lncRNAs and hepatocarcinogenesis

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

in hepatocellular carcinoma cells. Oncotarget 2017; 8: 9451-9465
[PMID: 28035067 DOI: 10.18632/oncotarget.14276]
Wang X, Ren Y, Yang X, Xiong X, Han S, Ge Y, Pan W, Zhou
L, Yuan Q, Yang M. miR-190a inhibits epithelial-mesenchymal
transition of hepatoma cells via targeting the long non-coding RNA
treRNA. FEBS Lett 2015; 589: 4079-4087 [PMID: 26608035 DOI:
10.1016/j.febslet.2015.11.024]
Xu Y, Zheng Y, Liu H, Li T. Modulation of IGF2BP1 by long
non-coding RNA HCG11 suppresses apoptosis of hepatocellular
carcinoma cells via MAPK signaling transduction. Int J Oncol
2017; 51: 791-800 [PMID: 28677801 DOI: 10.3892/ijo.2017.4066]
Xu JH, Chang WH, Fu HW, Shu WQ, Yuan T, Chen P.
Upregulated long non-coding RNA LOC90784 promotes cell
proliferation and invasion and is associated with poor clinical
features in HCC. Biochem Biophys Res Commun 2017; 490:
920-926 [PMID: 28651931 DOI: 10.1016/j.bbrc.2017.06.141]
Cao SW, Huang JL, Chen J, Hu YW, Hu XM, Ren TY, Zheng
SH, Lin JD, Tang J, Zheng L, Wang Q. Long non-coding RNA
UBE2CP3 promotes tumor metastasis by inducing epithelialmesenchymal transition in hepatocellular carcinoma. Oncotarget
2017; 8: 65370-65385 [PMID: 29029437 DOI: 10.18632/
oncotarget.18524]
Gong J, Qi X, Zhang Y, Yu Y, Lin X, Li H, Hu Y. Long noncoding
RNA linc00462 promotes hepatocellular carcinoma progression.
Biomed Pharmacother 2017; 93: 40-47 [PMID: 28622593 DOI:
10.1016/j.biopha.2017.06.004]
Tian F, Xu J, Xue F, Guan E, Xu X. TINCR expression
is associated with unfavorable prognosis in patients with
hepatocellular carcinoma. Biosci Rep 2017; 37: pii: BSR20170301
[PMID: 28546230 DOI: 10.1042/BSR20170301]
Wu F, Li J, Du X, Zhang W, Lei P, Zhang Q. Long non‑coding
RNA AB019562 promotes cell proliferation and metastasis in
human hepatocellular carcinoma. Mol Med Rep 2017; 16: 69-74
[PMID: 28534955 DOI: 10.3892/mmr.2017.6612]
Li Y, Ye Y, Feng B, Qi Y. Long Noncoding RNA lncARSR
Promotes Doxorubicin Resistance in Hepatocellular Carcinoma via
Modulating PTEN-PI3K/Akt Pathway. J Cell Biochem 2017; 118:
4498-4507 [PMID: 28464252 DOI: 10.1002/jcb.26107]
Zhao X, Liu Y, Yu S. Long noncoding RNA AWPPH promotes
hepatocellular carcinoma progression through YBX1 and serves
as a prognostic biomarker. Biochim Biophys Acta 2017; 1863:
1805-1816 [PMID: 28428004 DOI: 10.1016/j.bbadis.2017.04.014]
Wang Y, Hu Y, Wu G, Yang Y, Tang Y, Zhang W, Wang K,
Liu Y, Wang X, Li T. Long noncoding RNA PCAT-14 induces
proliferation and invasion by hepatocellular carcinoma cells
by inducing methylation of miR-372. Oncotarget 2017; 8:
34429-34441 [PMID: 28415780 DOI: 10.18632/oncotarget.16260]
Li S, Huang Y, Huang Y, Fu Y, Tang D, Kang R, Zhou R, Fan
XG. The long non-coding RNA TP73-AS1 modulates HCC
cell proliferation through miR-200a-dependent HMGB1/RAGE
regulation. J Exp Clin Cancer Res 2017; 36: 51 [PMID: 28403886
DOI: 10.1186/s13046-017-0519-z]
Tang J, Xie Y, Xu X, Yin Y, Jiang R, Deng L, Tan Z, Gangarapu V,
Tang J, Sun B. Bidirectional transcription of Linc00441 and RB1
via H3K27 modification-dependent way promotes hepatocellular
carcinoma. Cell Death Dis 2017; 8: e2675 [PMID: 28300839 DOI:
10.1038/cddis.2017.81]
Liu RT, Cao JL, Yan CQ, Wang Y, An CJ, Lv HT. Effects of
LncRNA-HOST2 on cell proliferation, migration, invasion
and apoptosis of human hepatocellular carcinoma cell line
SMMC-7721. Biosci Rep 2017; 37: pii: BSR20160532 [PMID:
28143959 DOI: 10.1042/BSR20160532]
Pan Y, Qin T, Yin S, Zhang X, Gao X, Mu L. Long non-coding
RNA UC001kfo promotes hepatocellular carcinoma proliferation
and metastasis by targeting α-SMA. Biomed Pharmacother
2017; 87: 669-677 [PMID: 28088733 DOI: 10.1016/
j.biopha.2017.01.018]
Zhu P, Wang Y, Wu J, Huang G, Liu B, Ye B, Du Y, Gao G, Tian
Y, He L, Fan Z. LncBRM initiates YAP1 signalling activation to
drive self-renewal of liver cancer stem cells. Nat Commun 2016; 7:

WJG|www.wjgnet.com

71

72

73

74

75

76

77

78

79

80

81

82
83

84

85
86

567

13608 [PMID: 27905400 DOI: 10.1038/ncomms13608]
Wang F, Yang H, Deng Z, Su Y, Fang Q, Yin Z. HOX Antisense
lincRNA HOXA-AS2 Promotes Tumorigenesis of Hepatocellular
Carcinoma. Cell Physiol Biochem 2016; 40: 287-296 [PMID:
27855366 DOI: 10.1159/000452545]
Chen Z, Yu C, Zhan L, Pan Y, Chen L, Sun C. LncRNA CRNDE
promotes hepatic carcinoma cell proliferation, migration and
invasion by suppressing miR-384. Am J Cancer Res 2016; 6:
2299-2309 [PMID: 27822419]
Lan T, Chang L, Wu L, Yuan Y. Downregulation of ZEB2AS1 decreased tumor growth and metastasis in hepatocellular
carcinoma. Mol Med Rep 2016; 14: 4606-4612 [PMID: 27748842
DOI: 10.3892/mmr.2016.5836]
Lv J, Fan HX, Zhao XP, Lv P, Fan JY, Zhang Y, Liu M, Tang
H. Long non-coding RNA Unigene56159 promotes epithelialmesenchymal transition by acting as a ceRNA of miR-140-5p in
hepatocellular carcinoma cells. Cancer Lett 2016; 382: 166-175
[PMID: 27597739 DOI: 10.1016/j.canlet.2016.08.029]
Peng W, Fan H. Long noncoding RNA CCHE1 indicates a
poor prognosis of hepatocellular carcinoma and promotes
carcinogenesis via activation of the ERK/MAPK pathway. Biomed
Pharmacother 2016; 83: 450-455 [PMID: 27427851 DOI:
10.1016/j.biopha.2016.06.056]
Zhu XT, Yuan JH, Zhu TT, Li YY, Cheng XY. Long noncoding
RNA glypican 3 (GPC3) antisense transcript 1 promotes
hepatocellular carcinoma progression via epigenetically activating
GPC3. FEBS J 2016; 283: 3739-3754 [PMID: 27573079 DOI:
10.1111/febs.13839]
Sui CJ, Zhou YM, Shen WF, Dai BH, Lu JJ, Zhang MF, Yang JM.
Long noncoding RNA GIHCG promotes hepatocellular carcinoma
progression through epigenetically regulating miR-200b/a/429.
J Mol Med (Berl) 2016; 94: 1281-1296 [PMID: 27380494 DOI:
10.1007/s00109-016-1442-z]
Ding LJ, Li Y, Wang SD, Wang XS, Fang F, Wang WY, Lv P, Zhao
DH, Wei F, Qi L. Long Noncoding RNA lncCAMTA1 Promotes
Proliferation and Cancer Stem Cell-Like Properties of Liver
Cancer by Inhibiting CAMTA1. Int J Mol Sci 2016; 17: pii: E1617
[PMID: 27669232 DOI: 10.3390/ijms17101617]
Chen ZZ, Huang L, Wu YH, Zhai WJ, Zhu PP, Gao YF. LncSox4
promotes the self-renewal of liver tumour-initiating cells through
Stat3-mediated Sox4 expression. Nat Commun 2016; 7: 12598
[PMID: 27553854 DOI: 10.1038/ncomms12598]
Zhang T, Cao C, Wu D, Liu L. SNHG3 correlates with malignant
status and poor prognosis in hepatocellular carcinoma. Tumour
Biol 2016; 37: 2379-2385 [PMID: 26373735 DOI: 10.1007/
s13277-015-4052-4]
Lan T, Ma W, Hong Z, Wu L, Chen X, Yuan Y. Long non-coding
RNA small nucleolar RNA host gene 12 (SNHG12) promotes
tumorigenesis and metastasis by targeting miR-199a/b-5p in
hepatocellular carcinoma. J Exp Clin Cancer Res 2017; 36: 11
[PMID: 28073380 DOI: 10.1186/s13046-016-0486-9]
Zhang JH, Wei HW, Yang HG. Long noncoding RNA SNHG15,
a potential prognostic biomarker for hepatocellular carcinoma. Eur
Rev Med Pharmacol Sci 2016; 20: 1720-1724 [PMID: 27212162]
Gong X, Wei W, Chen L, Xia Z, Yu C. Comprehensive analysis
of long non-coding RNA expression profiles in hepatitis B
virus-related hepatocellular carcinoma. Oncotarget 2016; 7:
42422-42430 [PMID: 27285756 DOI: 10.18632/oncotarget.9880]
Yang F, Zhang L, Huo XS, Yuan JH, Xu D, Yuan SX, Zhu N, Zhou
WP, Yang GS, Wang YZ, Shang JL, Gao CF, Zhang FR, Wang F,
Sun SH. Long noncoding RNA high expression in hepatocellular
carcinoma facilitates tumor growth through enhancer of zeste
homolog 2 in humans. Hepatology 2011; 54: 1679-1689 [PMID:
21769904 DOI: 10.1002/hep.24563]
Takahashi K, Yan IK, Haga H, Patel T. Modulation of hypoxiasignaling pathways by extracellular linc-RoR. J Cell Sci 2014; 127:
1585-1594 [PMID: 24463816 DOI: 10.1242/jcs.141069]
Takahashi K, Yan IK, Kogure T, Haga H, Patel T. Extracellular
vesicle-mediated transfer of long non-coding RNA ROR
modulates chemosensitivity in human hepatocellular cancer. FEBS

February 7, 2018|Volume 24|Issue 5|

El Khodiry A et al . lncRNAs and hepatocarcinogenesis
Open Bio 2014; 4: 458-467 [PMID: 24918061 DOI: 10.1016/
j.fob.2014.04.007]
87 Zhu P, Wang Y, Huang G, Ye B, Liu B, Wu J, Du Y, He L, Fan
Z. lnc-β-Catm elicits EZH2-dependent β-catenin stabilization and
sustains liver CSC self-renewal. Nat Struct Mol Biol 2016; 23:
631-639 [PMID: 27239797 DOI: 10.1038/nsmb.3235]
88 Bo C, Li N, Li X, Liang X, An Y. Long noncoding RNA uc.338
promotes cell proliferation through association with BMI1 in
hepatocellular carcinoma. Hum Cell 2016; 29: 141-147 [PMID:
27154519 DOI: 10.1007/s13577-016-0140-z]
89 Wang X, Zhang W, Tang J, Huang R, Li J, Xu D, Xie Y, Jiang R,
Deng L, Zhang X, Chai Y, Qin X, Sun B. LINC01225 promotes
occurrence and metastasis of hepatocellular carcinoma in an
epidermal growth factor receptor-dependent pathway. Cell
Death Dis 2016; 7: e2130 [PMID: 26938303 DOI: 10.1038/
cddis.2016.26]
90 Dong L, Ni J, Hu W, Yu C, Li H. Upregulation of Long NonCoding RNA PlncRNA-1 Promotes Metastasis and Induces
Epithelial-Mesenchymal Transition in Hepatocellular Carcinoma.
Cell Physiol Biochem 2016; 38: 836-846 [PMID: 26906068 DOI:
10.1159/000443038]
91 Zhou T, Gao Y. Increased expression of LncRNA BANCR and
its prognostic significance in human hepatocellular carcinoma.
World J Surg Oncol 2016; 14: 8 [PMID: 26758762 DOI: 10.1186/
s12957-015-0757-5]
92 Wang F, Xie C, Zhao W, Deng Z, Yang H, Fang Q. Long noncoding RNA CARLo-5 expression is associated with disease
progression and predicts outcome in hepatocellular carcinoma
patients. Clin Exp Med 2017; 17: 33-43 [PMID: 26433964 DOI:
10.1007/s10238-015-0395-9]
93 Shi Y, Song Q, Yu S, Hu D, Zhuang X. Microvascular invasion
in hepatocellular carcinoma overexpression promotes cell
proliferation and inhibits cell apoptosis of hepatocellular carcinoma
via inhibiting miR-199a expression. Onco Targets Ther 2015; 8:
2303-2310 [PMID: 26347410 DOI: 10.2147/OTT.S86807]
94 Li T, Xie J, Shen C, Cheng D, Shi Y, Wu Z, Deng X, Chen H, Shen
B, Peng C, Li H, Zhan Q, Zhu Z. Upregulation of long noncoding
RNA ZEB1-AS1 promotes tumor metastasis and predicts poor
prognosis in hepatocellular carcinoma. Oncogene 2016; 35:
1575-1584 [PMID: 26073087 DOI: 10.1038/onc.2015.223]
95 Shi XM, Teng F. Up-regulation of long non-coding RNA Sox2ot
promotes hepatocellular carcinoma cell metastasis and correlates
with poor prognosis. Int J Clin Exp Pathol 2015; 8: 4008-4014
[PMID: 26097588]
96 Li T, Xie J, Shen C, Cheng D, Shi Y, Wu Z, Deng X, Chen H,
Shen B, Peng C, Li H, Zhan Q, Zhu Z. Amplification of Long
Noncoding RNA ZFAS1 Promotes Metastasis in Hepatocellular
Carcinoma. Cancer Res 2015; 75: 3181-3191 [PMID: 26069248
DOI: 10.1158/0008-5472.CAN-14-3721]
97 Cao C, Sun J, Zhang D, Guo X, Xie L, Li X, Wu D, Liu L. The
long intergenic noncoding RNA UFC1, a target of MicroRNA 34a,
interacts with the mRNA stabilizing protein HuR to increase levels
of β-catenin in HCC cells. Gastroenterology 2015; 148: 415-26.
e18 [PMID: 25449213 DOI: 10.1053/j.gastro.2014.10.012]
98 Xu WH, Zhang JB, Dang Z, Li X, Zhou T, Liu J, Wang DS,
Song WJ, Dou KF. Long non-coding RNA URHC regulates cell
proliferation and apoptosis via ZAK through the ERK/MAPK
signaling pathway in hepatocellular carcinoma. Int J Biol Sci 2014;
10: 664-676 [PMID: 25013376 DOI: 10.7150/ijbs.8232]
99 Shen Y, Liu S, Yuan H, Ying X, Fu H, Zheng X. A long non-coding
RNA lncRNA-PE promotes invasion and epithelial-mesenchymal
transition in hepatocellular carcinoma through the miR-200a/
b-ZEB1 pathway. Tumour Biol 2017; 39: 1010428317705756
[PMID: 28488544 DOI: 10.1177/1010428317705756]
100 Cheng K, Chen Z, Liu L, Zhao Y, Zhang S, Wang Q, Deng Z,
Tan S, Ye Q. ZNF667 Serves as a Putative Oncogene in Human
Hepatocellular Carcinoma. Cell Physiol Biochem 2017; 41:
2523-2533 [PMID: 28472789 DOI: 10.1159/000475971]
101 Yu X, Zheng H, Chan MT, Wu WK. HULC: an oncogenic long
non-coding RNA in human cancer. J Cell Mol Med 2017; 21:

WJG|www.wjgnet.com

410-417 [PMID: 27781386 DOI: 10.1111/jcmm.12956]
102 Xie H, Ma H, Zhou D. Plasma HULC as a promising novel
biomarker for the detection of hepatocellular carcinoma.
Biomed Res Int 2013; 2013: 136106 [PMID: 23762823 DOI:
10.1155/2013/136106]
103 Li J, Wang X, Tang J, Jiang R, Zhang W, Ji J, Sun B. HULC and
Linc00152 Act as Novel Biomarkers in Predicting Diagnosis
of Hepatocellular Carcinoma. Cell Physiol Biochem 2015; 37:
687-696 [PMID: 26356260 DOI: 10.1159/000430387]
104 Zhang Y, Li Z, Zhang Y, Zhong Q, Chen Q, Zhang L. Molecular
mechanism of HEIH and HULC in the proliferation and invasion
of hepatoma cells. Int J Clin Exp Med 2015; 8: 12956-12962
[PMID: 26550214]
105 Xiong H, Li B, He J, Zeng Y, Zhang Y, He F. lncRNA HULC
promotes the growth of hepatocellular carcinoma cells via
stabilizing COX-2 protein. Biochem Biophys Res Commun 2017;
490: 693-699 [PMID: 28634076 DOI: 10.1016/j.bbrc.2017.06.103]
106 Xiong H, Ni Z, He J, Jiang S, Li X, He J, Gong W, Zheng L, Chen S,
Li B, Zhang N, Lyu X, Huang G, Chen B, Zhang Y, He F. LncRNA
HULC triggers autophagy via stabilizing Sirt1 and attenuates the
chemosensitivity of HCC cells. Oncogene 2017; 36: 3528-3540
[PMID: 28166203 DOI: 10.1038/onc.2016.521]
107 Li SP, Xu HX, Yu Y, He JD, Wang Z, Xu YJ, Wang CY,
Zhang HM, Zhang RX, Zhang JJ, Yao Z, Shen ZY. LncRNA
HULC enhances epithelial-mesenchymal transition to promote
tumorigenesis and metastasis of hepatocellular carcinoma via
the miR-200a-3p/ZEB1 signaling pathway. Oncotarget 2016; 7:
42431-42446 [PMID: 27285757 DOI: 10.18632/oncotarget.9883]
108 Lu Z, Xiao Z, Liu F, Cui M, Li W, Yang Z, Li J, Ye L, Zhang
X. Long non-coding RNA HULC promotes tumor angiogenesis
in liver cancer by up-regulating sphingosine kinase 1 (SPHK1).
Oncotarget 2016; 7: 241-254 [PMID: 26540633 DOI: 10.18632/
oncotarget.6280]
109 Gandhy SU, Imanirad P, Jin UH, Nair V, Hedrick E, Cheng Y,
Corton JC, Kim K, Safe S. Specificity protein (Sp) transcription
factors and metformin regulate expression of the long non-coding
RNA HULC. Oncotarget 2015; 6: 26359-26372 [PMID: 26317792
DOI: 10.18632/oncotarget.4560]
110 Wan D, Shen S, Fu S, Preston B, Brandon C, He S, Shen C,
Wu J, Wang S, Xie W, Chen B, Liya A, Guo Y, Zheng D, Zhi Q,
Peng B. miR-203 suppresses the proliferation and metastasis of
hepatocellular carcinoma by targeting oncogene ADAM9 and
oncogenic long non-coding RNA HULC. Anticancer Agents Med
Chem 2016; 16: 414-423 [PMID: 26179263]
111 Cui M, Xiao Z, Wang Y, Zheng M, Song T, Cai X, Sun B, Ye
L, Zhang X. Long noncoding RNA HULC modulates abnormal
lipid metabolism in hepatoma cells through an miR-9-mediated
RXRA signaling pathway. Cancer Res 2015; 75: 846-857 [PMID:
25592151 DOI: 10.1158/0008-5472.CAN-14-1192]
112 Li D, Liu X, Zhou J, Hu J, Zhang D, Liu J, Qiao Y, Zhan Q. Long
noncoding RNA HULC modulates the phosphorylation of YB-1
through serving as a scaffold of extracellular signal-regulated
kinase and YB-1 to enhance hepatocarcinogenesis. Hepatology
2017; 65: 1612-1627 [PMID: 28027578 DOI: 10.1002/hep.29010]
113 Cui M, Zheng M, Sun B, Wang Y, Ye L, Zhang X. A long
noncoding RNA perturbs the circadian rhythm of hepatoma cells to
facilitate hepatocarcinogenesis. Neoplasia 2015; 17: 79-88 [PMID:
25622901 DOI: 10.1016/j.neo.2014.11.004]
114 Du Y, Kong G, You X, Zhang S, Zhang T, Gao Y, Ye L, Zhang
X. Elevation of highly up-regulated in liver cancer (HULC) by
hepatitis B virus X protein promotes hepatoma cell proliferation
via down-regulating p18. J Biol Chem 2012; 287: 26302-26311
[PMID: 22685290 DOI: 10.1074/jbc.M112.342113]
115 Yang Z, Lu Y, Xu Q, Tang B, Park CK, Chen X. HULC and H19
Played Different Roles in Overall and Disease-Free Survival
from Hepatocellular Carcinoma after Curative Hepatectomy:
A Preliminary Analysis from Gene Expression Omnibus.
Dis Markers 2015; 2015: 191029 [PMID: 26136615 DOI:
10.1155/2015/191029]
116 Sun J, Bie B, Zhang S, Yang J, Li Z. Long non-coding RNAs:

568

February 7, 2018|Volume 24|Issue 5|

El Khodiry A et al . lncRNAs and hepatocarcinogenesis

117

118

119

120

121

122

123

124

125

126

127

128

129

130

critical players in hepatocellular carcinoma. Int J Mol Sci 2014; 15:
20434-20448 [PMID: 25387074 DOI: 10.3390/ijms151120434]
117 Ishibashi M, Kogo R, Shibata K, Sawada G, Takahashi Y,
Kurashige J, Akiyoshi S, Sasaki S, Iwaya T, Sudo T, Sugimachi
K, Mimori K, Wakabayashi G, Mori M. Clinical significance of
the expression of long non-coding RNA HOTAIR in primary
hepatocellular carcinoma. Oncol Rep 2013; 29: 946-950 [PMID:
23292722 DOI: 10.3892/or.2012.2219]
Yang Z, Zhou L, Wu LM, Lai MC, Xie HY, Zhang F, Zheng SS.
Overexpression of long non-coding RNA HOTAIR predicts tumor
recurrence in hepatocellular carcinoma patients following liver
transplantation. Ann Surg Oncol 2011; 18: 1243-1250 [PMID:
21327457 DOI: 10.1245/s10434-011-1581-y]
Gao JZ, Li J, DU JL, Li XL. Long non-coding RNA HOTAIR
is a marker for hepatocellular carcinoma progression and tumor
recurrence. Oncol Lett 2016; 11: 1791-1798 [PMID: 26998078
DOI: 10.3892/ol.2016.4130]
Geng YJ, Xie SL, Li Q, Ma J, Wang GY. Large intervening noncoding RNA HOTAIR is associated with hepatocellular carcinoma
progression. J Int Med Res 2011; 39: 2119-2128 [PMID: 22289527
DOI: 10.1177/147323001103900608]
Yang L, Zhang X, Li H, Liu J. The long noncoding RNA
HOTAIR activates autophagy by upregulating ATG3 and ATG7 in
hepatocellular carcinoma. Mol Biosyst 2016; 12: 2605-2612 [PMID:
27301338 DOI: 10.1039/c6mb00114a]
Li H, An J, Wu M, Zheng Q, Gui X, Li T, Pu H, Lu D. LncRNA
HOTAIR promotes human liver cancer stem cell malignant
growth through downregulation of SETD2. Oncotarget 2015; 6:
27847-27864 [PMID: 26172293 DOI: 10.18632/oncotarget.4443]
Su DN, Wu SP, Chen HT, He JH. HOTAIR, a long non-coding
RNA driver of malignancy whose expression is activated by
FOXC1, negatively regulates miRNA-1 in hepatocellular
carcinoma. Oncol Lett 2016; 12: 4061-4067 [PMID: 27895772
DOI: 10.3892/ol.2016.5127]
Zhang H, Xing Z, Mani SK, Bancel B, Durantel D, Zoulim F,
Tran EJ, Merle P, Andrisani O. RNA helicase DEAD box protein 5
regulates Polycomb repressive complex 2/Hox transcript antisense
intergenic RNA function in hepatitis B virus infection and
hepatocarcinogenesis. Hepatology 2016; 64: 1033-1048 [PMID:
27338022 DOI: 10.1002/hep.28698]
Fu WM, Zhu X, Wang WM, Lu YF, Hu BG, Wang H, Liang WC,
Wang SS, Ko CH, Waye MM, Kung HF, Li G, Zhang JF. Hotair
mediates hepatocarcinogenesis through suppressing miRNA-218
expression and activating P14 and P16 signaling. J Hepatol 2015;
63: 886-895 [PMID: 26024833 DOI: 10.1016/j.jhep.2015.05.016]
Ding C, Cheng S, Yang Z, Lv Z, Xiao H, Du C, Peng C, Xie
H, Zhou L, Wu J, Zheng S. Long non-coding RNA HOTAIR
promotes cell migration and invasion via down-regulation of RNA
binding motif protein 38 in hepatocellular carcinoma cells. Int J
Mol Sci 2014; 15: 4060-4076 [PMID: 24663081 DOI: 10.3390/
ijms15034060]
Gutschner T, Hämmerle M, Eissmann M, Hsu J, Kim Y, Hung G,
Revenko A, Arun G, Stentrup M, Gross M, Zörnig M, MacLeod
AR, Spector DL, Diederichs S. The noncoding RNA MALAT1
is a critical regulator of the metastasis phenotype of lung cancer
cells. Cancer Res 2013; 73: 1180-1189 [PMID: 23243023 DOI:
10.1158/0008-5472.CAN-12-2850]
Chou J, Wang B, Zheng T, Li X, Zheng L, Hu J, Zhang Y, Xing Y,
Xi T. MALAT1 induced migration and invasion of human breast
cancer cells by competitively binding miR-1 with cdc42. Biochem
Biophys Res Commun 2016; 472: 262-269 [PMID: 26926567 DOI:
10.1016/j.bbrc.2016.02.102]
Jin C, Yan B, Lu Q, Lin Y, Ma L. The role of MALAT1/miR-1/
slug axis on radioresistance in nasopharyngeal carcinoma. Tumour
Biol 2016; 37: 4025-4033 [PMID: 26482776 DOI: 10.1007/
s13277-015-4227-z]
Chen L, Yao H, Wang K, Liu X. Long Non-Coding RNA
MALAT1 Regulates ZEB1 Expression by Sponging miR-1433p and Promotes Hepatocellular Carcinoma Progression. J Cell
Biochem 2017; 118: 4836-4843 [PMID: 28543721 DOI: 10.1002/

WJG|www.wjgnet.com

jcb.26158]
131 Hou Z, Xu X, Fu X, Tao S, Zhou J, Liu S, Tan D. HBx-related
long non-coding RNA MALAT1 promotes cell metastasis via upregulating LTBP3 in hepatocellular carcinoma. Am J Cancer Res
2017; 7: 845-856 [PMID: 28469957]
132 Li C, Miao R, Liu S, Wan Y, Zhang S, Deng Y, Bi J, Qu K, Zhang J,
Liu C. Down-regulation of miR-146b-5p by long noncoding RNA
MALAT1 in hepatocellular carcinoma promotes cancer growth and
metastasis. Oncotarget 2017; 8: 28683-28695 [PMID: 28404923
DOI: 10.18632/oncotarget.15640]
133 Lai MC, Yang Z, Zhou L, Zhu QQ, Xie HY, Zhang F, Wu
LM, Chen LM, Zheng SS. Long non-coding RNA MALAT-1
overexpression predicts tumor recurrence of hepatocellular
carcinoma after liver transplantation. Med Oncol 2012; 29:
1810-1816 [PMID: 21678027 DOI: 10.1007/s12032-011-0004-z]
134 Malakar P, Shilo A, Mogilevsky A, Stein I, Pikarsky E, Nevo Y,
Benyamini H, Elgavish S, Zong X, Prasanth KV, Karni R. Long
Noncoding RNA MALAT1 Promotes Hepatocellular Carcinoma
Development by SRSF1 Upregulation and mTOR Activation.
Cancer Res 2017; 77: 1155-1167 [PMID: 27993818 DOI:
10.1158/0008-5472.CAN-16-1508]
135 Li C, Chang L, Chen Z, Liu Z, Wang Y, Ye Q. The role of lncRNA
MALAT1 in the regulation of hepatocyte proliferation during liver
regeneration. Int J Mol Med 2017; 39: 347-356 [PMID: 28075444
DOI: 10.3892/ijmm.2017.2854]
136 Tripathi V, Shen Z, Chakraborty A, Giri S, Freier SM, Wu X,
Zhang Y, Gorospe M, Prasanth SG, Lal A, Prasanth KV. Long
noncoding RNA MALAT1 controls cell cycle progression by
regulating the expression of oncogenic transcription factor B-MYB.
PLoS Genet 2013; 9: e1003368 [PMID: 23555285 DOI: 10.1371/
journal.pgen.1003368]
137 Chang L, Wang G, Jia T, Zhang L, Li Y, Han Y, Zhang K, Lin G,
Zhang R, Li J, Wang L. Armored long non-coding RNA MEG3
targeting EGFR based on recombinant MS2 bacteriophage viruslike particles against hepatocellular carcinoma. Oncotarget 2016; 7:
23988-24004 [PMID: 26992211 DOI: 10.18632/oncotarget.8115]
138 Li Y, Ren M, Zhao Y, Lu X, Wang M, Hu J, Lu G, He S.
MicroRNA-26a inhibits proliferation and metastasis of human
hepatocellular carcinoma by regulating DNMT3B-MEG3 axis.
Oncol Rep 2017; 37: 3527-3535 [PMID: 28440439 DOI: 10.3892/
or.2017.5579]
139 He JH, Han ZP, Liu JM, Zhou JB, Zou MX, Lv YB, Li YG, Cao
MR. Overexpression of Long Non-Coding RNA MEG3 Inhibits
Proliferation of Hepatocellular Carcinoma Huh7 Cells via Negative
Modulation of miRNA-664. J Cell Biochem 2017; 118: 3713-3721
[PMID: 28374914 DOI: 10.1002/jcb.26018]
140 el-Deiry WS. Regulation of p53 downstream genes. Semin Cancer
Biol 1998; 8: 345-357 [PMID: 10101800]
141 Zhu J, Liu S, Ye F, Shen Y, Tie Y, Zhu J, Wei L, Jin Y, Fu H, Wu Y,
Zheng X. Long Noncoding RNA MEG3 Interacts with p53 Protein
and Regulates Partial p53 Target Genes in Hepatoma Cells. PLoS
One 2015; 10: e0139790 [PMID: 26444285 DOI: 10.1371/journal.
pone.0139790]
142 Prives C, Hall PA. The p53 pathway. J Pathol 1999; 187: 112-126
[PMID: 10341712 DOI: 10.1002/(SICI)1096-9896(199901)187:1<
112::AID-PATH250>3.0.CO;2-3]
143 Vogelstein B, Lane D, Levine AJ. Surfing the p53 network. Nature
2000; 408: 307-310 [PMID: 11099028 DOI: 10.1038/35042675]
144 Zhuo H, Tang J, Lin Z, Jiang R, Zhang X, Ji J, Wang P, Sun B.
The aberrant expression of MEG3 regulated by UHRF1 predicts
the prognosis of hepatocellular carcinoma. Mol Carcinog 2016; 55:
209-219 [PMID: 25641194 DOI: 10.1002/mc.22270]
145 Braconi C, Kogure T, Valeri N, Huang N, Nuovo G, Costinean
S, Negrini M, Miotto E, Croce CM, Patel T. microRNA-29 can
regulate expression of the long non-coding RNA gene MEG3 in
hepatocellular cancer. Oncogene 2011; 30: 4750-4756 [PMID:
21625215 DOI: 10.1038/onc.2011.193]
146 Zamani M, Sadeghizadeh M, Behmanesh M, Najafi F.
Dendrosomal curcumin increases expression of the long noncoding RNA gene MEG3 via up-regulation of epi-miRs in

569

February 7, 2018|Volume 24|Issue 5|

El Khodiry A et al . lncRNAs and hepatocarcinogenesis

147

148

149

150

151

152
153

154

155

156

157

158

159

160

hepatocellular cancer. Phytomedicine 2015; 22: 961-967 [PMID:
26321746 DOI: 10.1016/j.phymed.2015.05.071]
Lu X, Zhou C, Li R, Liang Z, Zhai W, Zhao L, Zhang S. Critical
role for the long non-coding RNA AFAP1-AS1 in the proliferation
and metastasis of hepatocellular carcinoma. Tumour Biol 2016; 37:
9699-9707 [PMID: 26803513 DOI: 10.1007/s13277-016-4858-8]
Zhang JY, Weng MZ, Song FB, Xu YG, Liu Q, Wu JY, Qin J,
Jin T, Xu JM. Long noncoding RNA AFAP1-AS1 indicates a
poor prognosis of hepatocellular carcinoma and promotes cell
proliferation and invasion via upregulation of the RhoA/Rac2
signaling. Int J Oncol 2016; 48: 1590-1598 [PMID: 26892468
DOI: 10.3892/ijo.2016.3385]
Hua L, Wang CY, Yao KH, Chen JT, Zhang JJ, Ma WL. High
expression of long non-coding RNA ANRIL is associated with
poor prognosis in hepatocellular carcinoma. Int J Clin Exp Pathol
2015; 8: 3076-3082 [PMID: 26045820]
Huang MD, Chen WM, Qi FZ, Xia R, Sun M, Xu TP, Yin L,
Zhang EB, De W, Shu YQ. Long non-coding RNA ANRIL
is upregulated in hepatocellular carcinoma and regulates cell
apoptosis by epigenetic silencing of KLF2. J Hematol Oncol 2015;
8: 50 [PMID: 25966845 DOI: 10.1186/s13045-015-0146-0]
Yuan JH, Yang F, Wang F, Ma JZ, Guo YJ, Tao QF, Liu F, Pan
W, Wang TT, Zhou CC, Wang SB, Wang YZ, Yang Y, Yang N,
Zhou WP, Yang GS, Sun SH. A long noncoding RNA activated by
TGF-β promotes the invasion-metastasis cascade in hepatocellular
carcinoma. Cancer Cell 2014; 25: 666-681 [PMID: 24768205
DOI: 10.1016/j.ccr.2014.03.010]
Zhu H, Zhou X, Chang H, Li H, Liu F, Ma C, Lu J. CCAT1
promotes hepatocellular carcinoma cell proliferation and invasion.
Int J Clin Exp Pathol 2015; 8: 5427-5434 [PMID: 26191246]
Zhu HQ, Zhou X, Chang H, Li HG, Liu FF, Ma CQ, Lu J.
Aberrant Expression of CCAT1 Regulated by c-Myc Predicts the
Prognosis of Hepatocellular Carcinoma. Asian Pac J Cancer Prev
2015; 16: 5181-5185 [PMID: 26225650]
Deng L, Yang SB, Xu FF, Zhang JH. Long noncoding RNA
CCAT1 promotes hepatocellular carcinoma progression by
functioning as let-7 sponge. J Exp Clin Cancer Res 2015; 34: 18
[PMID: 25884472 DOI: 10.1186/s13046-015-0136-7]
Dou C, Sun L, Jin X, Han M, Zhang B, Li T. Long non-coding
RNA colon cancer-associated transcript 1 functions as a competing
endogenous RNA to regulate cyclin-dependent kinase 1 expression
by sponging miR-490-3p in hepatocellular carcinoma progression.
Tumour Biol 2017; 39: 1010428317697572 [PMID: 28381168
DOI: 10.1177/1010428317697572]
Zhou N, Si Z, Li T, Chen G, Zhang Z, Qi H. Long non-coding
RNA CCAT2 functions as an oncogene in hepatocellular
carcinoma, regulating cellular proliferation, migration and
apoptosis. Oncol Lett 2016; 12: 132-138 [PMID: 27347113 DOI:
10.3892/ol.2016.4580]
Xu Y, Wang B, Zhang F, Wang A, Du X, Hu P, Zhu Y, Fang Z.
Long non-coding RNA CCAT2 is associated with poor prognosis
in hepatocellular carcinoma and promotes tumor metastasis by
regulating Snail2-mediated epithelial-mesenchymal transition.
Onco Targets Ther 2017; 10: 1191-1198 [PMID: 28280353 DOI:
10.2147/OTT.S127100]
Ma X, Wang X, Yang C, Wang Z, Han B, Wu L, Zhuang L.
DANCR Acts as a Diagnostic Biomarker and Promotes Tumor
Growth and Metastasis in Hepatocellular Carcinoma. Anticancer
Res 2016; 36: 6389-6398 [PMID: 27919960 DOI: 10.21873/
anticanres.11236]
Yuan SX, Wang J, Yang F, Tao QF, Zhang J, Wang LL, Yang
Y, Liu H, Wang ZG, Xu QG, Fan J, Liu L, Sun SH, Zhou WP.
Long noncoding RNA DANCR increases stemness features of
hepatocellular carcinoma by derepression of CTNNB1. Hepatology
2016; 63: 499-511 [PMID: 25964079 DOI: 10.1002/hep.27893]
Qi HL, Li CS, Qian CW, Xiao YS, Yuan YF, Liu QY, Liu ZS. The
long noncoding RNA, EGFR-AS1, a target of GHR, increases the
expression of EGFR in hepatocellular carcinoma. Tumour Biol
2016; 37: 1079-1089 [PMID: 26271667 DOI: 10.1007/s13277015-3887-z]

WJG|www.wjgnet.com

161 Jiang R, Tang J, Chen Y, Deng L, Ji J, Xie Y, Wang K, Jia W,
Chu WM, Sun B. The long noncoding RNA lnc-EGFR stimulates
T-regulatory cells differentiation thus promoting hepatocellular
carcinoma immune evasion. Nat Commun 2017; 8: 15129 [PMID:
28541302 DOI: 10.1038/ncomms15129]
162 Liu F, Yuan JH, Huang JF, Yang F, Wang TT, Ma JZ, Zhang L,
Zhou CC, Wang F, Yu J, Zhou WP, Sun SH. Long noncoding RNA
FTX inhibits hepatocellular carcinoma proliferation and metastasis
by binding MCM2 and miR-374a. Oncogene 2016; 35: 5422-5434
[PMID: 27065331 DOI: 10.1038/onc.2016.80]
163 Liu Z, Dou C, Yao B, Xu M, Ding L, Wang Y, Jia Y, Li Q, Zhang
H, Tu K, Song T, Liu Q. Ftx non coding RNA-derived miR-545
promotes cell proliferation by targeting RIG-I in hepatocellular
carcinoma. Oncotarget 2016; 7: 25350-25365 [PMID: 26992218
DOI: 10.18632/oncotarget.8129]
164 Tu ZQ, Li RJ, Mei JZ, Li XH. Down-regulation of long non-coding
RNA GAS5 is associated with the prognosis of hepatocellular
carcinoma. Int J Clin Exp Pathol 2014; 7: 4303-4309 [PMID:
25120813]
165 Chang L, Li C, Lan T, Wu L, Yuan Y, Liu Q, Liu Z. Decreased
expression of long non-coding RNA GAS5 indicates a poor
prognosis and promotes cell proliferation and invasion in
hepatocellular carcinoma by regulating vimentin. Mol Med
Rep 2016; 13: 1541-1550 [PMID: 26707238 DOI: 10.3892/
mmr.2015.4716]
166 Hu L, Ye H, Huang G, Luo F, Liu Y, Liu Y, Yang X, Shen J, Liu
Q, Zhang J. Long noncoding RNA GAS5 suppresses the migration
and invasion of hepatocellular carcinoma cells via miR-21. Tumour
Biol 2016; 37: 2691-2702 [PMID: 26404135 DOI: 10.1007/
s13277-015-4111-x]
167 Bartolomei MS, Zemel S, Tilghman SM. Parental imprinting of
the mouse H19 gene. Nature 1991; 351: 153-155 [PMID: 1709450
DOI: 10.1038/351153a0]
168 Luo M, Li Z, Wang W, Zeng Y, Liu Z, Qiu J. Long non-coding
RNA H19 increases bladder cancer metastasis by associating
with EZH2 and inhibiting E-cadherin expression. Cancer
Lett 2013; 333: 213-221 [PMID: 23354591 DOI: 10.1016/
j.canlet.2013.01.033]
169 Zhang L, Yang F, Yuan JH, Yuan SX, Zhou WP, Huo XS, Xu D,
Bi HS, Wang F, Sun SH. Epigenetic activation of the MiR-200
family contributes to H19-mediated metastasis suppression in
hepatocellular carcinoma. Carcinogenesis 2013; 34: 577-586
[PMID: 23222811 DOI: 10.1093/carcin/bgs381]
170 Lv J, Ma L, Chen XL, Huang XH, Wang Q. Downregulation of
LncRNAH19 and MiR-675 promotes migration and invasion
of human hepatocellular carcinoma cells through AKT/GSK3β/Cdc25A signaling pathway. J Huazhong Univ Sci Technolog
Med Sci 2014; 34: 363-369 [PMID: 24939300 DOI: 10.1007/
s11596-014-1284-2]
171 Lian Y, Cai Z, Gong H, Xue S, Wu D, Wang K. HOTTIP: a
critical oncogenic long non-coding RNA in human cancers. Mol
Biosyst 2016; 12: 3247-3253 [PMID: 27546609 DOI: 10.1039/
c6mb00475j]
172 Quagliata L, Matter MS, Piscuoglio S, Arabi L, Ruiz C, Procino
A, Kovac M, Moretti F, Makowska Z, Boldanova T, Andersen
JB, Hämmerle M, Tornillo L, Heim MH, Diederichs S, Cillo
C, Terracciano LM. Long noncoding RNA HOTTIP/HOXA13
expression is associated with disease progression and predicts
outcome in hepatocellular carcinoma patients. Hepatology 2014;
59: 911-923 [PMID: 24114970 DOI: 10.1002/hep.26740]
173 Ge Y, Yan X, Jin Y, Yang X, Yu X, Zhou L, Han S, Yuan Q, Yang
M. MiRNA-192 [corrected] and miRNA-204 Directly Suppress
lncRNA HOTTIP and Interrupt GLS1-Mediated Glutaminolysis
in Hepatocellular Carcinoma. PLoS Genet 2015; 11: e1005726
[PMID: 26710269 DOI: 10.1371/journal.pgen.1005726]
174 Tsang FH, Au SL, Wei L, Fan DN, Lee JM, Wong CC, Ng IO,
Wong CM. Long non-coding RNA HOTTIP is frequently upregulated in hepatocellular carcinoma and is targeted by tumour
suppressive miR-125b. Liver Int 2015; 35: 1597-1606 [PMID:
25424744 DOI: 10.1111/liv.12746]

570

February 7, 2018|Volume 24|Issue 5|

El Khodiry A et al . lncRNAs and hepatocarcinogenesis
175 Guo S, Chen W, Luo Y, Ren F, Zhong T, Rong M, Dang Y, Feng
Z, Chen G. Clinical implication of long non-coding RNA NEAT1
expression in hepatocellular carcinoma patients. Int J Clin Exp
Pathol 2015; 8: 5395-5402 [PMID: 26191242]
176 Fang L, Sun J, Pan Z, Song Y, Zhong L, Zhang Y, Liu Y, Zheng X,
Huang P. Long non-coding RNA NEAT1 promotes hepatocellular
carcinoma cell proliferation through the regulation of miR-1295p-VCP-IκB. Am J Physiol Gastrointest Liver Physiol 2017; 313:
G150-G156 [PMID: 28526689 DOI: 10.1152/ajpgi.00426.2016]
177 Mang Y, Li L, Ran J, Zhang S, Liu J, Li L, Chen Y, Liu J, Gao Y,
Ren G. Long noncoding RNA NEAT1 promotes cell proliferation
and invasion by regulating hnRNP A2 expression in hepatocellular
carcinoma cells. Onco Targets Ther 2017; 10: 1003-1016 [PMID:
28260918 DOI: 10.2147/OTT.S116319]
178 Ji J, Tang J, Deng L, Xie Y, Jiang R, Li G, Sun B. LINC00152
promotes proliferation in hepatocellular carcinoma by targeting
EpCAM via the mTOR signaling pathway. Oncotarget 2015; 6:
42813-42824 [PMID: 26540343 DOI: 10.18632/oncotarget.5970]
179 Yoon JH, Abdelmohsen K, Srikantan S, Yang X, Martindale JL,
De S, Huarte M, Zhan M, Becker KG, Gorospe M. LincRNA-p21
suppresses target mRNA translation. Mol Cell 2012; 47: 648-655
[PMID: 22841487 DOI: 10.1016/j.molcel.2012.06.027]
180 Jia M, Jiang L, Wang YD, Huang JZ, Yu M, Xue HZ.
lincRNA-p21 inhibits invasion and metastasis of hepatocellular
carcinoma through Notch signaling-induced epithelial-mesenchymal
transition. Hepatol Res 2016; 46: 1137-1144 [PMID: 27391793
DOI: 10.1111/hepr.12659]
181 Ding G, Peng Z, Shang J, Kang Y, Ning H, Mao C. LincRNA-p21
inhibits invasion and metastasis of hepatocellular carcinoma
through miR-9/E-cadherin cascade signaling pathway molecular
mechanism. Onco Targets Ther 2017; 10: 3241-3247 [PMID:
28721075 DOI: 10.2147/OTT.S134910]
182 Wen J, Xu J, Sun Q, Xing C, Yin W. Upregulation of long non
coding RNA PCAT-1 contributes to cell proliferation, migration
and apoptosis in hepatocellular carcinoma. Mol Med Rep 2016; 13:
4481-4486 [PMID: 27035680 DOI: 10.3892/mmr.2016.5075]
183 Yan TH, Yang H, Jiang JH, Lu SW, Peng CX, Que HX, Lu WL,
Mao JF. Prognostic significance of long non-coding RNA PCAT-1
expression in human hepatocellular carcinoma. Int J Clin Exp
Pathol 2015; 8: 4126-4131 [PMID: 26097602]
184 Yu J, Han J, Zhang J, Li G, Liu H, Cui X, Xu Y, Li T, Liu J, Wang
C. The long noncoding RNAs PVT1 and uc002mbe.2 in sera
provide a new supplementary method for hepatocellular carcinoma
diagnosis. Medicine (Baltimore) 2016; 95: e4436 [PMID:
27495068 DOI: 10.1097/MD.0000000000004436]
185 Wang F, Yuan JH, Wang SB, Yang F, Yuan SX, Ye C, Yang N,
Zhou WP, Li WL, Li W, Sun SH. Oncofetal long noncoding
RNA PVT1 promotes proliferation and stem cell-like property of
hepatocellular carcinoma cells by stabilizing NOP2. Hepatology
2014; 60: 1278-1290 [PMID: 25043274 DOI: 10.1002/hep.27239]
186 Lan T, Yan X, Li Z, Xu X, Mao Q, Ma W, Hong Z, Chen X,
Yuan Y. Long non-coding RNA PVT1 serves as a competing
endogenous RNA for miR-186-5p to promote the tumorigenesis
and metastasis of hepatocellular carcinoma. Tumour Biol 2017; 39:
1010428317705338 [PMID: 28656879 DOI: 10.1177/1010428317
705338]
187 Zhang M, Wang W, Li T, Yu X, Zhu Y, Ding F, Li D, Yang T.
Long noncoding RNA SNHG1 predicts a poor prognosis and
promotes hepatocellular carcinoma tumorigenesis. Biomed
Pharmacother 2016; 80: 73-79 [PMID: 27133041 DOI: 10.1016/
j.biopha.2016.02.036]
188 Zhang H, Zhou D, Ying M, Chen M, Chen P, Chen Z, Zhang
F. Expression of Long Non-Coding RNA (lncRNA) Small
Nucleolar RNA Host Gene 1 (SNHG1) Exacerbates Hepatocellular
Carcinoma Through Suppressing miR-195. Med Sci Monit 2016;
22: 4820-4829 [PMID: 27932778]
189 Birgani MT, Hajjari M, Shahrisa A, Khoshnevisan A, Shoja Z,
Motahari P, Farhangi B. Long Non-Coding RNA SNHG6 as a
Potential Biomarker for Hepatocellular Carcinoma. Pathol Oncol
Res 2017; Epub ahead of print [PMID: 28508329 DOI: 10.1007/

WJG|www.wjgnet.com

s12253-017-0241-3]
190 Cao C, Zhang T, Zhang D, Xie L, Zou X, Lei L, Wu D, Liu L.
The long non-coding RNA, SNHG6-003, functions as a competing
endogenous RNA to promote the progression of hepatocellular
carcinoma. Oncogene 2017; 36: 1112-1122 [PMID: 27530352
DOI: 10.1038/onc.2016.278]
191 Zhang D, Cao C, Liu L, Wu D. Up-regulation of LncRNA
SNHG20 Predicts Poor Prognosis in Hepatocellular Carcinoma.
J Cancer 2016; 7: 608-617 [PMID: 27053960 DOI: 10.7150/
jca.13822]
192 Liu J, Lu C, Xiao M, Jiang F, Qu L, Ni R. Long non-coding RNA
SNHG20 predicts a poor prognosis for HCC and promotes cell
invasion by regulating the epithelial-to-mesenchymal transition.
Biomed Pharmacother 2017; 89: 857-863 [PMID: 28282787 DOI:
10.1016/j.biopha.2017.01.011]
193 Yu G, Lin J, Liu C, Hou K, Liang M, Shi B. Long non-coding
RNA SPRY4-IT1 promotes development of hepatic cellular
carcinoma by interacting with ERRα and predicts poor prognosis.
Sci Rep 2017; 7: 17176 [PMID: 29214989 DOI: 10.1038/
s41598-017-16781-9]
194 Li J, Chen Y, Chen Z, He A, Xie H, Zhang Q, Cai Z, Liu Y, Huang
W. SPRY4-IT1: A novel oncogenic long non-coding RNA in
human cancers. Tumour Biol 2017; 39: 1010428317711406 [PMID:
28651500 DOI: 10.1177/1010428317711406]
195 Huang MD, Chen WM, Qi FZ, Sun M, Xu TP, Ma P, Shu YQ.
Long non-coding RNA TUG1 is up-regulated in hepatocellular
carcinoma and promotes cell growth and apoptosis by
epigenetically silencing of KLF2. Mol Cancer 2015; 14: 165
[PMID: 26336870 DOI: 10.1186/s12943-015-0431-0]
196 Han Y, Liu Y, Gui Y, Cai Z. Long intergenic non-coding RNA
TUG1 is overexpressed in urothelial carcinoma of the bladder. J
Surg Oncol 2013; 107: 555-559 [PMID: 22961206 DOI: 10.1002/
jso.23264]
197 Ma B, Li M, Zhang L, Huang M, Lei JB, Fu GH, Liu CX, Lai QW,
Chen QQ, Wang YL. Upregulation of long non-coding RNA TUG1
correlates with poor prognosis and disease status in osteosarcoma.
Tumour Biol 2016; 37: 4445-4455 [PMID: 26499949 DOI:
10.1007/s13277-015-4301-6]
198 Liu Q, Sun S, Yu W, Jiang J, Zhuo F, Qiu G, Xu S, Jiang X. Altered
expression of long non-coding RNAs during genotoxic stressinduced cell death in human glioma cells. J Neurooncol 2015; 122:
283-292 [PMID: 25645334 DOI: 10.1007/s11060-015-1718-0]
199 Weber BN, Chi AW, Chavez A, Yashiro-Ohtani Y, Yang Q,
Shestova O, Bhandoola A. A critical role for TCF-1 in T-lineage
specification and differentiation. Nature 2011; 476: 63-68 [PMID:
21814277 DOI: 10.1038/nature10279]
200 Wu J, Zhang J, Shen B, Yin K, Xu J, Gao W, Zhang L. Long
noncoding RNA lncTCF7, induced by IL-6/STAT3 transactivation,
promotes hepatocellular carcinoma aggressiveness through
epithelial-mesenchymal transition. J Exp Clin Cancer Res 2015;
34: 116 [PMID: 26452542 DOI: 10.1186/s13046-015-0229-3]
201 Wang Y, He L, Du Y, Zhu P, Huang G, Luo J, Yan X, Ye B, Li
C, Xia P, Zhang G, Tian Y, Chen R, Fan Z. The long noncoding
RNA lncTCF7 promotes self-renewal of human liver cancer stem
cells through activation of Wnt signaling. Cell Stem Cell 2015; 16:
413-425 [PMID: 25842979 DOI: 10.1016/j.stem.2015.03.003]
202 Xiao JN, Yan TH, Yu RM, Gao Y, Zeng WL, Lu SW, Que HX,
Liu ZP, Jiang JH. Long non-coding RNA UCA1 regulates the
expression of Snail2 by miR-203 to promote hepatocellular
carcinoma progression. J Cancer Res Clin Oncol 2017; 143:
981-990 [PMID: 28271214 DOI: 10.1007/s00432-017-2370-1]
203 Hu JJ, Song W, Zhang SD, Shen XH, Qiu XM, Wu HZ, Gong PH,
Lu S, Zhao ZJ, He ML, Fan H. HBx-upregulated lncRNA UCA1
promotes cell growth and tumorigenesis by recruiting EZH2 and
repressing p27Kip1/CDK2 signaling. Sci Rep 2016; 6: 23521
[PMID: 27009634 DOI: 10.1038/srep23521]
204 Wang F, Ying HQ, He BS, Pan YQ, Deng QW, Sun HL, Chen
J, Liu X, Wang SK. Upregulated lncRNA-UCA1 contributes to
progression of hepatocellular carcinoma through inhibition of
miR-216b and activation of FGFR1/ERK signaling pathway.

571

February 7, 2018|Volume 24|Issue 5|

El Khodiry A et al . lncRNAs and hepatocarcinogenesis
Oncotarget 2015; 6: 7899-7917 [PMID: 25760077 DOI: 10.18632/
oncotarget.3219]
205 Ma W, Wang H, Jing W, Zhou F, Chang L, Hong Z, Liu H, Liu Z,
Yuan Y. Downregulation of long non-coding RNAs JPX and XIST
is associated with the prognosis of hepatocellular carcinoma. Clin
Res Hepatol Gastroenterol 2017; 41: 163-170 [PMID: 27776968
DOI: 10.1016/j.clinre.2016.09.002]
206 Chang S, Chen B, Wang X, Wu K, Sun Y. Long non-coding RNA
XIST regulates PTEN expression by sponging miR-181a and
promotes hepatocellular carcinoma progression. BMC Cancer 2017;
17: 248 [PMID: 28388883 DOI: 10.1186/s12885-017-3216-6]
207 Zhuang LK, Yang YT, Ma X, Han B, Wang ZS, Zhao QY, Wu
LQ, Qu ZQ. MicroRNA-92b promotes hepatocellular carcinoma
progression by targeting Smad7 and is mediated by long noncoding RNA XIST. Cell Death Dis 2016; 7: e2203 [PMID:
27100897 DOI: 10.1038/cddis.2016.100]

208 Mo Y, Lu Y, Wang P, Huang S, He L, Li D, Li F, Huang J, Lin X,
Li X, Che S, Chen Q. Long non-coding RNA XIST promotes cell
growth by regulating miR-139-5p/PDK1/AKT axis in hepatocellular
carcinoma. Tumour Biol 2017; 39: 1010428317690999 [PMID:
28231734 DOI: 10.1177/1010428317690999]
209 Zhou CC, Yang F, Yuan SX, Ma JZ, Liu F, Yuan JH, Bi FR, Lin
KY, Yin JH, Cao GW, Zhou WP, Wang F, Sun SH. Systemic
genome screening identifies the outcome associated focal loss
of long noncoding RNA PRAL in hepatocellular carcinoma.
Hepatology 2016; 63: 850-863 [PMID: 26663434 DOI: 10.1002/
hep.28393]
210 Zhou M, Zhang XY, Yu X. Overexpression of the long noncoding RNA SPRY4-IT1 promotes tumor cell proliferation and
invasion by activating EZH2 in hepatocellular carcinoma. Biomed
Pharmacother 2017; 85: 348-354 [PMID: 27899259 DOI:
10.1016/j.biopha.2016.11.035]
P- Reviewer: Giorgio A, Grassi G, Namisaki T, Ohkoshi S
S- Editor: Gong ZM L- Editor: A E- Editor: Huang Y

WJG|www.wjgnet.com

572

February 7, 2018|Volume 24|Issue 5|

World J Gastroenterol 2018 February 7; 24(5): 573-582

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v24.i5.573

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

ORIGINAL ARTICLE
Basic Study

Hsa-miR-202-3p, up-regulated in type 1 gastric
neuroendocrine neoplasms, may target DUSP1
Dou Dou, Yan-Fen Shi, Qing Liu, Jie Luo, Ji-Xi Liu, Meng Liu, Ying-Ying Liu, Yuan-Liang Li, Xu-Dong Qiu,
Huang-Ying Tan
Dou Dou, Yuan-Liang Li, Xu-Dong Qiu, Department of
Integrative Oncology, China-Japan Friendship Hospital; Beijing
University of Chinese Medicine, Beijing 100029, China

impartiality of the reported research.

Qing Liu, Meng Liu, Huang-Ying Tan, Department of
Integrative Oncology, China-Japan Friendship Hospital, Beijing
100029, China

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/

Data sharing statement: No additional data are available.

Yan-Fen Shi, Jie Luo, Department of Pathology, China-Japan
Friendship Hospital, Beijing 100029, China
Ji-Xi Liu, Department of Gastroenterology, China-Japan
Friendship Hospital, Beijing 100029, China

Manuscript source: Unsolicited manuscript

Ying-Ying Liu, Department of Integrative Oncology, Luoyang
Central Hospital Affiliated to Zhengzhou University, Luoyang
471009, Henan Province, China

Correspondence to: Huang-Ying Tan, MD, PhD, Professor,
Department of Integrative Oncology, China-Japan Friendship
Hospital, No. 2, Yinghuadong street, Beijing 100029,
China. tanhuangying@263.net
Telephone: +86-10-53236555
Fax: +86-10-53236555

ORCID number: Dou Dou (0000-0002-9443-6731); Yan-Fen Shi
(0000-0001-5348-1205); Qing Liu (0000-0001-8534-3384); Jie
Luo (0000-0003-2135-8186); Ji-Xi Liu (0000-0002-2913-848X);
Meng Liu (0000-0002-4555-0490); Ying-Ying Liu (0000-0001
-5966-2605); Yuan-Liang Li (0000-0003-0774-614X); XuDong Qiu (0000-0002-9793-3207); Huang-Ying Tan (0000-0002
-6165-5196).

Received: November 5, 2017
Peer-review started: November 6, 2017
First decision: November 22, 2017
Revised: December 3, 2017
Accepted: December 12, 2017
Article in press: December 12, 2017
Published online: February 7, 2018

Author contributions: Dou D and Shi YF contributed equally
to this work and should be considered co-first authors; Tan HY,
Dou D and Shi YF designed the research; Dou D, Liu Q, Liu JX,
and Li YL performed the research; Shi YF, Luo J and Qiu XD
analyzed the data; Dou D, Liu M and Liu YY wrote the paper;
Shi YF and Tan HY revised the paper.

Abstract

Supported by the National Natural Science Foundation of
China, No. 81673763.
Institutional review board statement: The study was
reviewed and approved by the China-Japan Friendship Hospital
Institutional Review Board.

AIM
To detect abnormal microRNA (miRNA) expression in
type 1 gastric neuroendocrine neoplasms (g-NENs) and
find potential target genes.
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METHODS
Tumour tissues from patients with type 1 g-NENs were
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used as experimental samples, and gastric mucosal
tissues from the same patients obtained during gas
troscopy review after several months were used as
control samples. miRNA expression was examined
with Agilent human miRNA chips and validated via RTPCR. Three types of target gene prediction software
(TargetScan, PITA, and microRNAorg) were used to
predict potential target genes of the differentially
expressed miRNAs, and a dual-luciferase reporter assay
system was used for verification.

like (ECL) cells and occasionally derived from other
[1]
cells that secrete somatostatin, auxin, or serotonin .
Based on the National Cancer Institute Surveillance,
Epidemiology, and End Results (SEER) cancer registry in
the United States, the annual age-adjusted incidence of
neuroendocrine tumours (NETs) was 1.09 per 100000
persons in 1973 and increased to 6.98 per 100000
[2]
persons by 2012 . The proportion of g-NENs among all
[3]
[4]
[5]
[6]
NENs was 6% , 23% , 5% , and 7.4% in the United
States, Austria, Canada, and Taiwan, respectively.
Patients with g-NENs can be subdivided into four
types according to their specific tumour aetiology,
pathogenesis, and pathology. The clinicopathological
features, treatment, and prognosis of different types
[7,8]
are completely different . The type 1 g-NEN is a
well differentiated g-NEN related to chronic atrophic
gastritis, with patients exhibiting hypergastrinae
mia and achlorhydria. It is the most common type of
g-NEN and accounts for approximately 70%-80% of
[9]
g-NENs . Metastatic type 1 g-NENs are extremely
[10]
rare ; however, the median relapse-free survival
is only 8 mo after endoscopic submucosal dissection
[11]
(ESD) or endoscopic mucosal resection (EMR) . These
characteristics make the type 1 g-NEN a stubborn
disease. Nevertheless, the molecular mechanism of
type 1 g-NEN recurrence is not well understood, and
the treatment targets are limited.
MicroRNAs (miRNAs) are small endogenous noncoding RNAs that can regulate target genes through
translational repression or mRNA transcript destabili
zation at the post-transcriptional level. It is estimated
that approximately 300 miRNAs (1%-4% of the expressed
human genes) exist in the human genome, and a single
[12]
miRNA can regulate as many as 200 mRNAs . miRNA
regulation is linked to various tumours and plays different
roles in different diseases, including both oncogenic
[13,14]
and tumour suppressor roles
. miRNAs have the
potential to act as biomarkers for patient stratification
into different prognostic groups and may also be able to
guide treatment decisions. Furthermore, the molecular
mechanisms of tumour recurrence and metastasis can
[7,15,16]
often be explained by miRNA activity
.
At present, because of the low incidence of NENs,
miRNA research related to this disease is not as com
mon as that for other tumour types. However, several
studies have shown a variety of results with regard
to pancreatic and small intestinal NENs and small
[17]
cell lung cancer. Roldo et al
reported differences
in miRNA expression between pancreatic NENs and
[18]
pancreatic acinar cell tumours. Li et al
reported that
the progression of small intestinal NENs is related to
a significant increase in miR-96/182/183/196/200.
[19]
Miller et al
reported that miR-1 and miR-143-3p
gene targets were upregulated in an existing small
bowel NET dataset, which could contribute to disease
progression, and showed that these miRNAs directly
regulate FOSB and NUAK2 oncogenes.
There are a few previous reports regarding type
1 g-NEN-associated miRNAs, including a study from

RESULTS
Six miRNAs were significantly upregulated or down
regulated in the tumours compared to the control
samples. Among them, miR-202-3p was extraordinarily
upregulated. RT-PCR of seven sample sets confirmed
that miR-202-3p was upregulated in tumour tissues.
In total, 215 target genes were predicted to be associ
ated with miR-202-3p. Among them, dual-specificity
phosphatase 1 (DUSP1) was reported to be closely
related to tumour occurrence and development. The
dual-luciferase reporter assay showed that miR-202-3p
directly regulated DUSP1 in 293T cells.
CONCLUSION
miR-202-3p is upregulated in type 1 g-NEN lesions and
might play important roles in the pathogenesis of type
1 g-NENs by targeting DUSP1 .
Key words: microRNA; type 1 g-NEN; neuroendocrine
neoplasm; recurrence
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, we have innovatively used
chip technology to study microRNAs in type 1 gastric
neuroendocrine neoplasms. We found miR-202-3p was
extraordinarily upregulated in the tumours compared
to the control samples. Interestingly, although miR-202
belongs to let-7, a famous cancer-suppressing family,
some studies have reported its oncogenic potential in
some tumours. Then, we found that DUSP1 could be
a target gene of miR-202-3p and was closely related to
tumour occurrence and development. Finally, we suc
cessfully showed that the miR-202-3p directly regulated
DUSP1 in tool cells.
Dou D, Shi YF, Liu Q, Luo J, Liu JX, Liu M, Liu YY, Li YL,
Qiu XD, Tan HY. Hsa-miR-202-3p, up-regulated in type 1
gastric neuroendocrine neoplasms, may target DUSP1. World J
Gastroenterol 2018; 24(5): 573-582 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v24/i5/573.htm DOI: http://
dx.doi.org/10.3748/wjg.v24.i5.573

INTRODUCTION
Gastric neuroendocrine neoplasms (g-NENs) are a
rare malignancy mainly derived from enterochromaffin-
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Professor Pritchard et al, who reported that miR-222
expression was increased in the serum and gastric
corpus mucosa of hypergastrinaemic INS-GAS mice and
hypergastrinaemic patients with autoimmune atrophic
gastritis and type 1 gastric NETs. miR-222 expression
decreased in these patients following treatment with the
[20]
CCK2R antagonist netazepide (YF476) .
Although there have been a few previous miRNA
studies about (or including) type 1 g-NENs, there are
still many other miRNAs and target genes waiting to
be discovered and studied. The molecular mechanism
of this disease remains largely unknown. This study
assessed differences in miRNA expression between
type 1 g-NEN tissues and non-tumour tissues and
identified relevant target genes, with an aim to discover
the possible molecular mechanism of type 1 g-NEN
recurrence.

with ethidium bromide staining.
The miRNAs in the total RNA were labelled using
a miRNA complete Labeling and Hyb Kit (Agilent
Technologies Inc., Santa Clara, United States). Then,
the miRNAs were hybridized at 55 ℃ for 20 h with an
Agilent human miRNA microarray (8*60 K, Design ID:
070156), which included all mature human miRNAs
available in the latest version of the miRBase database
(Release 20). After the microarray was washed, the
fluorescence intensity of the samples was scanned
using a microarray scanner (Agilent p/n G4900DA),
and the results were transformed into quantitative
data. The normalized value was calculated as the ratio
of the expression of each target miRNA to that of the
reference 5S in the same sample. Fold changes in
miRNA expression were obtained by comparing the
ratio of miRNA expression in the tumour samples to
that in the control samples. Three biological replicates
were examined.

MATERIALS AND METHODS
Materials

Validation analysis using qRT-PCR

This study was approved by the Ethics Committee
of China-Japan Friendship Hospital. All patient proce
dures were performed after obtaining written informed
consent.
Tissue samples were collected from patients with type
1 g-NENs at our hospital, and patients were included
in the study based on the following criteria: (1) a clear
pathological diagnosis of g-NENs; and (2) compliance
with all of the following clinical characteristics of type 1
g-NENs: hypergastrinaemia, achlorhydria, and chronic
[9]
atrophic gastritis .
To observe differences in miRNA expression between
tumour and non-tumour tissues, tumour tissue obtained
from the first endoscopic biopsy (before ESD or EMR)
was selected for use as experimental samples and
gastric mucosal tissue obtained from gastroscopy review
(an average of 9 mo after ESD or EMR) was used as
control samples. To ensure that the gastric mucosal
tissue was tumour-free, the gastroscopy review had
to show no recurrence based on both endoscopic and
pathologic assessments. Each pair of experimental
and control samples was taken from the same patient,
reducing the possible impact of individual differences.

The expression of miRNAs chosen for further study
was validated via qRT-PCR analysis. Total RNA from the
samples was purified in the manner described above,
and the quality of total RNA was also monitored.
Quantification was performed via a two-step re
action process: reverse transcription (RT) and PCR.
Each RT reaction consisted of 1 μg of RNA, 4 μl of
miScriptHiSpec Buffer, 2 μl of Nucleotide Mix, and 2 μl
of miScript Reverse Transcriptase Mix (Qiagen, GER) in
a total volume of 20 μL. Reactions were performed on
a GeneAmp PCR System 9700 (Applied Biosystems,
United States) for 60 min at 37 ℃, followed by heat
inactivation of RT for 5 min at 95 ℃. The 20 μL RT
reaction mix was then diluted 5-fold in nuclease-free
water and stored at -20 ℃.
Real-time PCR was performed using a LightCycler
480 II Real-time PCR Instrument (Roche, SWI) with 10
μL of PCR reaction mixture that included 1 μl of cDNA,
5 μl of 2 × LightCycler 480 SYBR Green I Master (Roche,
SWI), 0.2 μl, of universal primer (Qiagen, GER), 0.2
μl of miRNA-specific primer, and 3.6 μl of nucleasefree water. Reactions were incubated in a 384-well
optical plate (Roche, SWI) at 95 ℃ for 10 min, followed
by 40 cycles of 95 ℃ for 10 s and 60 ℃ for 30 s. Each
sample was run in triplicate for analysis. At the end of
the PCR cycles, a melting curve analysis was performed
to validate the specific generation of the expected
PCR product. The miRNA-specific primer sequences
were designed and synthesized by Generay Biotech
(Shanghai, China) based on the miRNA sequences
obtained from the miRBase database (Release 20.0) and
are shown in Table 1. Other primer sequences used (not
shown in Table 1) are the universal primers from the
kit (Qiagen, GER). We used 5S rRNA as an endogenous
reference gene. The miRNA expression levels were
normalized to that of 5S rRNA and calculated using the
-ΔΔCt
2
method.

RNA extraction and miRNA expression profiling

Sections were prepared from each paraffin-embedded
specimen. The specimens were prepared from tumour
tissues or non-tumour tissues removed from the patients
described above via endoscopic biopsy. Total RNA was
extracted from the specimens using a RecoverAll Total
Nucleic Acid Isolation Kit for FFPE (OE Biotech, Shanghai,
China) according to the manufacturer’s specifications.
The RNA yield was determined using a NanoDrop 2000
spectrophotometer (Thermo Fisher Scientific, United
States) and an Agilent Bioanalyzer 2100 (Agilent
Technologies Inc., Santa Clara, United States), and the
integrity was evaluated using agarose gel electrophoresis
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United States).
In accordance with the manufacturer’s instructions,
Lipofectamine 2000 was used to cotransfect 293T
cells with the miR-202-3p/non-targeting control mimic
(purchased from Hanbio, Shanghai) using a psiCHECK2
vector containing either the wild-type or mutant-type
3′-UTR of DUSP1. After incubation in 5% CO2 at 37 ℃
for 48 h, a luciferase reporter assay was performed
using the Promega dual-luciferase reporter assay
system according to the manufacturer’s instructions.
Each assay was performed in triplicate.

Table 1 Primer sequences
Primer sequence
Hsa-miR-202-3p
5S rRNA

5’-AGAGGTATAGGGCATGGGAA-3’
5’-GGAGACCGCCTGGGAATA-3’

Table 2 Group design
Control
WT
MUTA

DUSP1 3’-UTR
DUSP1 3’-UTR
DUSP1 3’-UTR-muta

Non-targeting control
miR-202-3p
miR-202-3p

Statistical analysis

Statistical analyses of the qRT-PCR results were
performed using SPSS software (Version 20.0; SPSS
Inc., Chicago, IL, United States). All the data were from
at least two independent experiments, with triplicate
samples tested in each experiment, and the results
are expressed as the means ± SD. The differences
between groups were analysed by single-factor analysis
of variance (ANOVA). Differences were considered
statistically significant when p < 0.05.

Target gene prediction and bioinformatic analysis

MiRNA target prediction can be performed through
computational algorithms due to the base-pairing rules
between miRNA and mRNA target sites, location of
binding sequences within the target 3’-untranslated
region (UTR), and conservation of target binding sequ
ences within related genomes. We searched potential
targets of certain miRNAs in TargetScan (http://www.
targetscan.org/vert_71/), PITA (http://www.pita.ps/),
and microRNAorg (http://www.microrna.org/microrna/
home.do). Overlapping target genes predicted by the
three different databases were further studied. By
reviewing the published literature to understand the
function of all the overlapping predicted target genes,
we selected the target genes that may be associated
with type 1 g-NENs for validation.
We then used DAVID Bioinformatics Resources
(http://david.abcc.ncifcrf.gov/home.jsp) to perform GO
analysis, which is used to predict the potential functions
of the gene products, including molecular function,
biological process, and cellular component categories.
Pathway analysis of the target genes was performed
using the KEGG database, and a statistical test was used
to calculate the significance of target gene enrichment
in each pathway and obtain the FDR_bhvalue (P-value
corrected by Benjamini-Hochberg method). This value
can be used to provide some hints for selecting the
target genes if p < 0.05 in any term.

RESULTS
miRNA expression profiles in type 1 g-NEN vs nontumour gastric mucosal (NGM) samples

Samples from three patients (marked as A, B, and
C) with type 1 g-NENs were collected following the
procedures described in the ‘Materials and Methods’
section. Thus, we obtained three pairs of samples: three
tumour samples (marked as A1, B1, and C1) and the
corresponding three tumour-free samples (marked as
A2, B2, and C2). An Agilent human miRNA microarray
was used to evaluate the miRNA expression profiles
in type 1 g-NEN and NGM tissues. We found one
upregulated miRNA and five downregulated miRNAs
(log2-fold change (FC) > 1.5; adjusted p < 0.05) in
type 1 g-NEN vs NGM tissue (Table 3, Figures 1 and 2).

miRNA-202-3p overexpression in tumours is confirmed
by qRT-PCR analysis

Because we were mainly looking for upregulated
miRNAs in type 1 g-NENs, we chose miRNA-202 for the
follow-up study. Seven pairs of samples obtained from
different patients were used for the qRT-PCR analysis
of miRNA-202-3p. The results validated our miRNA
expression profile microarray results (Figure 3). Each
pair of samples showed the same trend as the results
mentioned above: miRNA-202-3p is upregulated in type
1 g-NENs.

Transfection and luciferase reporter assay

The putative interaction site between hsa-miR-2023p and the dual-specificity phosphatase 1 (DUSP1)
3′-UTR was searched using TargetScan and microRNA.
org. The 388 bp 3′UTR region of the DUSP1 gene,
including the binding site for miR-202, was amplified
from 293T cells. The amplified fragment was cloned
into a psiCHECK2 luciferase reporter vector (Promega,
USA) at the Xba I site. A deletion in the miR-202-3p
binding site of the DUSP1 gene 3′-UTR was introduced
using a Quik-Change Site-Directed Mutagenesis Kit
(Stratagene, United States) following the manufacturer’
s instructions. The group design is shown in Table 2.
The luciferase activity was corrected for transfection
efficiency using a Renilla luciferase vector (Promega,
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miR-202-3p might target 215 genes, including DUSP1

Next, mir-202-3p target genes were predicted using
three online available databases, and 427, 4038,
and 666 potential target genes were predicted with
TargetScan, microRNA.org, and PITA, respectively.
There were 215 genes at the intersection of the three
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miR-202-3p mimic and wild-type 3′-UTR of DUSP1
showed a notable decrease in luciferase activity
compared with the control group (p < 0.05). However,
293T cells cotransfected with the miR-202-3p mimic
and mutant-type 3′-UTR of DUSP1 had the same
luciferase activity as the control group. These results
indicate that DUSP1 is a target gene of miR-202-3p,
and its expression can be negatively regulated by miR202-3p.

Table 3 MiRNA expression profiles of type 1 g-neuroendocrine
neoplasms vs non-tumour gastric mucosal tissues
Systematic_Name

P value

FC (abs)

Regulation

Hsa-miR-194-3p
Hsa-miR-202-3p
Hsa-miR-6752-3p
Hsa-miR-6800-3p
Hsa-miR-6889-3p
Hsa-miR-933

0.022978
0.014934
0.012949
0.026902
0.039335
0.008580

4.278965
12.12983
6.846719
5.196331
15.72488
4.18559

Down
Up
Down
Down
Down
Down

FC: Fold change.
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miR-202 is located at 10q26 (position 135061015
-135061124 on chromosome 10), and its mature singlestranded miRNA sequence is 5’-UUCCUAUGCAUAUAC
[27]
UUCUUUG-3’ . The mature sequence is highly conserved
in vertebrates, such as humans, rats, and mice. The
two arms of a pre-miRNA are named -3p and -5p, and
their properties and functions are basically the same
when they are processed to produce miRNAs.
miR-202 belongs to the let-7 family, which was
discovered by Reinhart et al in Caenorhabditis elegans.
It is developed from a precursor molecule of appro
ximately 70 nucleotides with a 21 nt-long stem-loop
structure. According to current studies, let-7 is highly
conserved, and its expression is often controlled in
a temporal and tissue specific manner. There are
currently 13 types of miRNAs in the let-7 family,
including let-7a-1, let-7a-2, let-7a-3, let-7b, let-7c, let7d, let-7e, let-7f -1, let-7f-2, let-7g, let-7i, miR-98,
and miR-202. The main physiological functions of let-7
include regulating the growth and development of cells
and organs, regulating cell proliferation and apoptosis,
[28]
and participating in metabolic and stress responses .
Above all, let-7 is a widely accepted tumour suppressor
miRNA. The expression of let-7 family members is
[29]
downregulated in many carcinoma types .
Interestingly, miRNAs may play a diametrically
[30]
opposed role in different tumours . Although miR-202
belongs to this famous cancer-suppressing family
and has been reported as an anti-oncomir in various
tumours, such as lung and liver cancer, some studies
have reported its oncogenic potential in other tumours
in recent years. Researchers from Henan University
reported that miR-202 played a promotive role in
[31]
endometrial cell proliferation . Yu et al reported that
miR-202 was highly expressed in peripheral blood
[32]
monocytes in patients with multiple myeloma . Re
searchers in Washington state found that in eight cases
of prostate cancer specimens, miR-202 was more
highly expressed than in benign prostatic hyperplasia
[33]
tissues . British researchers observed 102 cases of
breast cancer patients, benign breast disease patients,
and healthy people and reported that the expression of
miR-202 in tumour tissue was significantly higher and
[34]
was associated with a worse prognosis . The Lancet
Cancer Journal reported upregulation of miR-202 in
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Figure 1 Principal component analysis plot of normalized miRNA expression
values. PCA was performed using R Bioconductor DESeq2. A clear separation
between the tumour (red) and non-tumour (blue) samples was observed. PCA:
Principal component analysis.

predicted target gene sets (Figure 4). We considered
potential target genes to exhibit an expression trend
opposite to that of the miRNA, in accordance with
the antiregulation paradigm (i.e., upregulated miRNA
[21]
and downregulated mRNA) . As miR-202-3p is over
expressed in type 1 g-NENs, we speculated that it may
play a role in promoting cancer by downregulating spe
cific tumour suppressor genes. Enrichment analyses of
GO terms and KEGG pathways were also performed.
Unfortunately, the bioinformatic analysis did not show
any terms with an FDR_bh less than 0.05, and thus it
failed to provide hints for selecting target genes.
We searched a large number of studies on the 215
potential target genes mentioned above and found
that DUSP1 was reported to be a tumour suppressor
gene in a variety of diseases and was associated with
[22-26]
gastric tumours
. Therefore, we chose this gene for
further validation experiments.

Direct targeting of DUSP1 by miR-202-3p

To verify whether miR-202-3p directly targets DUSP1,
luciferase reporter assays were conducted. The results
of a luciferase reporter assay are shown in Figure 5
and indicate that 293T cells cotransfected with the
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Figure 3 Quantitative RT-PCR analysis of miR-202-3p in type 1 g-neuroendocrine
neoplasms and non-tumour gastric mucosal tissues. The value of the lowest
expression sample was set to 1, and thus, the fold change values indicate the
relative trend of change in the expression levels among different samples.
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Figure 4 The intersection of the predicted genes of miR-202-3p.

gastric cancer. The researchers compared 160 pairs
of gastric cancer tissues and matched paracancerous
tissues. Finally, four miRNAs were found to be drama
tically upregulated in intestinal-type gastric carcinoma,
[35]
including miR-202 .

According to the literature, DUSP1, which is consi
[39]
dered an oncogene, is upregulated in lung cancer ,
[40]
[41]
cholangiocarcinoma , and colorectal cancer , while
in many other tumour types, such as endometrial
[24]
[22]
cancer , liver cancer , and head and neck squamous
[25]
cell carcinoma , it acts as an anti-oncogene. Resear
chers have found that total DUSP1 protein levels were
decreased in 63.7% of breast cancer tissues compared
with matched noncancerous breast tissues. Decreased
DUSP1 protein levels were correlated with increased
tumour stage, positive recurrence, and poor survival,
[23]
even when using a multivariate Cox regression model .
An experiment showed that most of the apparen
tly normal glands, benign prostatic hyperplasia, and
low-grade prostatic intraepithelial neoplasia samples
showed high DUSP1 expression. By contrast, DUSP1
expression levels were lower or even absent in highgrade prostatic intraepithelial neoplasia and prostatic
adenocarcinoma samples. The researchers also found
an inverse correlation between DUSP1 expression and
activation of both p65/NF-κa and p38 MAPK, and DUSP1
promoted apoptosis through a p38 MAPK-dependent
[26]
mechanism .

Possible functions of DUSP1

Our results have shown that DUSP1 is a target gene
of miR-202-3p, and its expression can be negati
vely regulated by miR-202-3p. DUSP1, also known
as mitogen-activated protein kinase phosphatase-1
(MKP-1), is an archetypal member of the dual-specificity
phosphatases, which play an important role in inactivating
different isoforms of mitogen-activated protein kinases
[36]
(MAPKs) . In recent years, DUSP1 has been studied
in many fields. The functions of DUSP1 focus on cell
proliferation, differentiation and transformation, stress
responses, inflammation, cycle arrest, and apoptosis
[37]
mainly by regulating MAPK signalling . An increasing
number of studies have discovered that its effects in
tumours may be varied and complex. The role of DUSP1
can be oncogenic in some tumours, while it can be anti[38]
oncogenic in other tumours .
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Figure 5 Luciferase reporter assay. The relative activity of the wild-type group was decreased by 52% compared with that of the control group. Compared with the
wild-type group, the relative activity of the mutant group was increased by 44%. There was a significant difference between the wild-type group and the control group (P
< 0.05), and the relative activity of the mutant group recovered to almost the same level as that of the control group (P > 0.05). The other panel in the figure shows the
target site where hsa-miR-202-3p binds to the DUSP1 3'-UTR.

Because our experiments demonstrated that DUSP1
and miR-202-3p are inversely regulated and miR-2023p is highly expressed in g-NENs, we can speculate that
DUSP1 expression is also low in type 1 g-NENs, and it is
likely a tumour suppressor gene in these tumours.

a tumour-promoting miRNA in the development of these
tumours. The dual-luciferase reporter assay showed
the relationship between miR-202-3p and DUSP1,
confirming the negative regulation between them.
Moreover, the studies mentioned above have shown
that DUSP1 has a significant antitumour effect in a
variety of tumours. Therefore, we speculate that DUSP1
is a tumour suppressor gene in type 1 g-NENs. In
normal situations, although hypergastrinaemia leads
to ECL cell proliferation, the cells will be prevented
from dysplasia if normal DUSP1 expression is main
tained. However, when DUSP1 is downregulated by
high miR-202 expression, ECL cells will have more
opportunities to develop type 1 g-NETs.

Possible role of miR-202-3p/DUSP1 in the pathogenesis
of type 1 g-NETs

Type 1 g-NETs arise in patients who have autoimmune
atrophic gastritis. This kind of gastritis causes atrophy
and a reduced number of acid secreting gastric parietal
cells. This leads to achlorhydria and corresponding
symptoms such as bloating, indigestion, and consti
pation. The high intra-gastric pH level triggers negative
feedback that stimulates G cells to over-secrete gastrin
and leads to hypergastrinaemia. Since gastrin has a
nutritional effect on ECL cell growth, hypergastrinaemia
can lead to ECL cell proliferation. In some patients, ECL
cell proliferation will further develop into dysplasia and
[42-44]
ultimately the formation of a type 1 g-NET
.
Nevertheless, only a few autoimmune atrophic
[45]
gastritis patients eventually develop type 1 g-NETs .
This indicates that there are still other factors in addition
to hypergastrinaemia that promote progression from
proliferation and dysplasia to tumour formation. Thus,
many factors that may contribute to tumour formation
[46]
have been proposed, such as mutations in BCL-2 ,
[47]
[48]
[49]
Reg , Mcl-2 , and MEN-1
genes, growth factor
regulation, and bacterial infection. These factors may
affect apoptosis, autophagy, proliferation, and differ
[50]
entiation, thereby promoting tumour formation .
In our study, all the control group samples were
tumour-free gastric mucosa, but they all exhibited ECL
cell proliferation. Therefore, we speculate that miR202-3p/DUSP1 plays a role in the process of ECL cell
dysplasia and tumour formation (Figure 6). Because
high miR-202-3p expression has been found in type 1
g-NETs, we can safely conclude that miR-202-3p acts as
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Future work

MiRNA-mRNA interactions occur in a context-dependent,
[51,52]
cell-type-specific manner
. Since g-NEN is a rare
disease, no ready-made cell lines can be found, and
thus, we had to validate the interaction between miRNA202-3p and DUSP1 in 293T cells (a well-established tool
cell for dual-luciferase experiments). Our next step is to
culture primary ECL cells to further validate our findings.
As type 1 g-NENs are tumours with a high recur
rence rate and a short recurrence time, what concerns
researchers the most is how to prevent this disease
from recurrence. Because the recurrence mechanism
is similar to the pathogenesis of type 1 g-NETs, we
believe that treatment targeting miR-202-3p/DUSP1
may help reduce the recurrence rate. In our hospital,
we often use Chinese herbal medicine for patients with
type 1 g-NETs after ESD/EMR to prevent recurrence.
Our previous clinical observation has found that Chinese
herbal medicine can extend the median disease-free
survival to 15 mo (Tan HY, unpublished data). However,
the mechanism of this phenomenon is unclear. We also
plan to explore whether Chinese herbal medicine can
regulate the expression of miRNA-202-3p/DUSP1 using
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Figure 6 The possible role of miR-202-3p/DUSP1 in the pathogenesis of type 1 g-NETs.
in 293T cells (a well-established tool cell for dual-luciferase experiment). Our
next step is to carry out the primary culture of ECL cells to further validate our
findings.

cell models.
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Research conclusions

Research background

In this study, we summarized the existing mechanisms of type 1 g-NENs and
confirmed the difference of miRNA expression between tumor and non-tumor
gastric mucosa. Our study found that miRNA-202-3p was overexpressed in
type 1 g-NENs and DUSP1 was its target gene and put forward an assumption:
In normal situation, although hypergastrinaemia leads to ECL cell proliferation,
the cells could be prevented from dysplasia if DUSP1 is expressed normally.
However, when the DUSP1 is down-regulated by the highly expressed miR-202,
ECL cells will have more opportunities to develop to type 1 g-NENs. This will
help clinicians to further understand the molecular mechanism of the disease.

Type 1g-NEN is a kind of rare malignant tumor. Because its recurrence rate
is relatively high, the molecular mechanism of this disease urgently needs to
be explored. MiRNAs play important roles in the occurrence and development
of tumors. At present, studies on the role of miRNAs in type 1 g-NEN are
quite few. This study may provide some potential therapeutic targets for the
prevention of type 1 g-NEN recurrence.

Research motivation

The main topic of this study is the molecular mechanism of type 1 g-NENs. The
key issue to be solved is which miRNAs and their target genes could affect the
process of tumor recurrence. In future research, our study may help to explain
the mechanism of some existing treatment and provide new therapeutic targets
for type 1 g-NEN therapy.

Research perspectives

Our next step is to carry out the primary culture of ECL cells to further validate
our findings. Our previous clinical study has found that Chinese herbal medicine
can extend the median disease-free survival (DFS). So, using cell models
to explore whether Chinese herbal medicine can regulate the expression of
miRNA-202-3p/DUSP1 is the best method for the future research.

Research objectives

The main objective of this study was to discover some type 1 g-NEN
associated miRNAs and find their target genes. In this study, the differential
miRNA expression between tumor lesions and tumor-free gastric mucosa
was described, and the target gene of miRNA-202-3p was found. These may
provide a basis for further revealing the molecular mechanism of type 1 g-NEN
recurrence in the future.
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Research methods

Four main technologies were used in this study. First, we used Agilent human
miRNA chips to find the differential miRNA expression between tumor lesions
and tumor-free gastric mucosa. This kind of chip is expensive, but covers all
known human miRNAs. Second, the results of chips were validated via RTPCR, which is a proven and reliable experimental method to obtain a more
accurate conclusion. Third, we used bioinformatics to look for target genes on
web (TargetScan, PITA, and microRNAorg). This technique can quickly help
us narrow down the scope of target genes. Last, a dual-luciferase reporter
assay system was used for verification of the target gene. This system can
show clearly the influence of miRNAs on its target gene. All the above research
methods have been rarely applied to g-NENs before.
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Abstract
AIM
To assess the effect of enteral nutrition (EN) supple
mented with glutamine on recovery after ileal pouch-anal
anastomosis (IPAA) in rats, to provide an experimental
basis for nutritional support in patients with ulcerative
colitis (UC) after IPAA.

Institutional review board statement: The study was reviewed
and approved by Tianjin Medical University General Hospital
Institutional Review Board.
Institutional animal care and use committee statement:
Animal care and experiments were conducted according to the
international guidelines on animal research and ethics.

METHODS
Male Sprague-Dawley (SD) rats were randomly divided
into three groups (n = 8) after IPAA operation using a
microsurgical technique. From the third postoperative
day, rats in the control group, EN group, and immune
nutrition (IN) group were fed standard rat chow, short
peptide EN, and short peptide EN combined with
glutamine ad libitum , respectively. The rats’ general
condition was observed throughout the study. Serum
levels of total protein (TP), albumin (ALB), prealbumin
(PA), and transferrin (TF) were detected on the 30th
postoperative day, using an automatic biochemical
analyzer. The ileal pouch mucosa was stained with
hematoxylin and eosin (HE), and occludin protein levels
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Xu YY et al . Effect of glutamine on recovery after IPAA
[1]

were detected by immunohistochemistry.

for ulcerative colitis (UC) . However, studies have
shown that some patients who have undergone IPAA
still have postoperative problems, such as malnutrition,
[2]
frequent defecation, and severe pouchitis , which
can cause surgical failure if the pouch needs to be
discarded. Therefore, ways of providing nutrition and
energy, promoting early recovery of patients, and
maintaining the integrity of the pouch mucosa barrier
and function have thus become key considerations for
surgical treatment of UC.
In recent years, the IPAA rat model established by
[3]
Chen et al has shown many characteristics similar
to human IPAA, and has become an effective and
important in vivo model for the study of recovery and
defense as well as immune mechanisms after IPAA.
Nutritional support includes parenteral nutrition
(PN) and enteral nutrition (EN). At present, numerous
studies have reported that giving EN to patients at an
early stage following surgery or severe trauma can
rapidly restore the integrity of the digestive tract. This
prevents intestinal mucosal atrophy, enhances intestinal
barrier function, promotes rehabilitation, and reduces
[4,5]
complications and mortality . In addition, enteric
bacteria and endotoxins are prone to translocation if
[6]
patients fast too long postoperatively . Early EN is
therefore recommended in patients with IPAA. However,
general EN may lack certain specific nutrients and its
ability to regulate immune function is thus limited, and
the supplementation of nutritional therapy with specific
nutrients with certain pharmacological effects may
improve the patient’s nutritional status, while protecting
the integrity of mucosal barrier function.
Glutamine is a non-essential amino acid that can
act as an energy source for the proliferation of intestinal
[7]
lymphocytes, mucosal cells, and fibroblasts . It also
has many important physiological properties, including
restoring intestinal permeability, preventing intestinal
mucosal atrophy, protecting the barrier function of the
intestinal mucosa, and improving nitrogen balance.
Glutamine can also stimulate immune cells in a specific
way, enhance immune function, and maintain a moderate
immune response, which is therefore referred to as
[8]
‘immune nutrition’. Li et al reported that glutamine may
be an effective intestinal mucosal protective agent when
[9]
supplemented into EN. Rogero et al also suggested
that glutamine plays an important role in maintaining
the integrity of the intestinal epithelial structure. Fujita
[10]
et al found that glutamine-supplemented EN reduced
the translocation of bacteria in the intestinal contents and
enhanced the barrier function of the intestinal mucosa in
a pig model.
Clinical research into nutritional support for UC
patients after IPAA is currently lacking; however, it
is important to explore appropriate postoperative
nutritional support to address the issue of postoperative
malnutrition. The purpose of this study was to investi
gate the effects of EN supplemented with different
nutrients on recovery, nutritional status, and mucosal

RESULTS
The body weight of rats in the EN group (359.20 ±
10.06 g) was significantly higher than that in the control
group (344.00 ± 9.66 g) (P < 0.05) and lower than that
in the IN group (373.60 ± 9.86 g) (P < 0.05) on the
30th postoperative day. The levels of serum TP, ALB,
PA, and TF in the EN group were significantly higher
than those in the control group (P < 0.01 for all) and
lower than those in the IN group (P < 0.05 for all).
Histopathological score (EN: 0.80 ± 0.37; IN: 0.60 ±
0.40; control group: 2.29 ± 0.18) and expression level
of occludin protein (EN: 0.182 ± 0.054; IN: 0.188 ±
0.048; control group: 0.127 ± 0.032) were significantly
lower in the control group compared with the EN and IN
groups (P < 0.05 for all), but there were no significant differ
ences between the latter two groups (P > 0.05 for all).
CONCLUSION
EN combined with glutamine may effectively improve
nutritional status after IPAA. Our results suggest a
benefit of glutamine supplementation in EN for UC
patients undergoing IPAA, although human studies are
required to confirm this finding.
Key words: Enteral nutrition; Glutamine; Ileal pouchanal anastomosis; Nutritional status; Recovery
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We assessed the effect of enteral nutrition
(EN) supplemented with glutamine on recovery after
ileal pouch-anal anastomosis (IPAA) in rats, to provide
an experimental basis for nutritional support in patients
with ulcerative colitis after IPAA. Male Sprague-Dawley
rats underwent IPAA and were then fed standard
rat chow, short peptide EN, or short peptide EN com
bined with glutamine from postoperative day 3. The
rats’ general condition was observed throughout the
study, and serum levels of total protein, albumin,
prealbumin, and transferrin were measured on the 30th
postoperative day. The ileal pouch mucosa was stained
with hematoxylin and eosin and occludin protein levels
were measured by immunohistochemistry.
Xu YY, He AQ, Liu G, Li KY, Liu J, Liu T. Enteral nutrition
combined with glutamine promotes recovery after ileal
pouch-anal anastomosis in rats. World J Gastroenterol 2018;
24(5): 583-592 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i5/583.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i5.583

INTRODUCTION
Proctocolectomy with ileal pouch-anal anastomosis
(IPAA) has become the gold-standard surgical treatment
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barrier function of the ileal pouch in IPAA rats. These
results will provide an experimental basis for nutritional
treatment of UC patients after IPAA.

mL syringe, placed in an anticoagulant biochemical
tube, reversed, and mixed. After centrifugation, the
supernatant was collected, packed separately, and
stored at -20 ℃ in a refrigerator for cryopreservation.

MATERIALS AND METHODS

Nutritional parameters

Animals

Serum levels of total protein (TP), albumin (ALB),
prealbumin (PA), and transferrin (TF) were detected in
defrosted blood samples using an automatic biochemical
analyzer (Johnson and Johnson, United States).

Specific pathogen-free (SPF) male Sprague-Dawley
(SD) rats aged 10-12 wk and weighing 320-350 g were
purchased from the Laboratory Animal Center of the
Military Medical Science Academy of the Chinese People’
s Liberation Army. They were housed in controlled
environmental conditions of ventilation (wind speed,
0.1-0.2 m/s), room temperature (20-25 ℃), and
humidity (40%-70%) for 1 wk. Rats had access to
natural light and were provided with standard rat chow
and running water ad libitum prior to surgery. The
animal use protocol was reviewed and approved by the
Animal Ethical and Welfare Committee.

Pathology scores

Histological scoring was performed by hematoxylin
and eosin (HE) staining. Tissues previously fixed in
formaldehyde solution were cut into 0.5 cm pieces,
dehydrated in graded ethanol solutions, embedded in
paraffin, and stained with HE. The ileal pouch tissue
was then evaluated according to the histopathological
[12]
scoring criteria described by Shebani et al (Table 1).

Rat model

Expression level of occludin protein

All rats underwent IPAA using a microsurgical technique.
They were then divided into three groups (n = 8 each):
a control group fed standard rat chow and tap water
(The detailed compositions of standard rat chow were
rice, bran, corn, soybean cake, vitamins, minerals,
salt, etc), an EN group fed short peptide EN (Milupa
GmbH, Germany), and an IN group fed short peptide
EN combined with 0.4 g/(kg/d) glutamine (YaoYou
Pharmaceutical Co., Ltd, ChongQing, China), ad libitum.
All groups were given from the third postoperative day.

Occludin protein in the ileal pouch mucosa was detected
by immunohistochemical staining. Paraffin sections
(approximately 5 µm thick) were dewaxed, hydrated,
and immersed in boiling citrate buffer (Scientan,
Beijing, China; 0.01 mol/L, pH 6.0) for thermal antigen
repair. They were then cooled and washed twice with
phosphate buffered solution (PBS; Scientan, Beijing,
China; 0.01 mol/L, pH 7.4). Sections were immersed
in 5% bovine serum albumin and then incubated with
rabbit anti-occludin antibody (bs-10011R; Bioss, Beijing,
China), followed by incubation with biotinylated goat
anti-mouse IgG. A DAB kit (AR1022; Boster, Wuhan,
China) was used for color rendering, and sections were
lightly stained with hematoxylin (Hua Liang, Fushan,
China) and finally observed under a microscope.
The optical density of the immunohistochemical im
ages was measured using Image-Pro Plus 6.0 software,
according to the Chinese reference guidelines. The
‘irregular’ tool was used to delineate the measuring
area, and the results were then calculated and analyzed.

General condition

The rats’ general status was observed and recorded
daily from the first to the 30th postoperative day.
Observations included mental state (burnout, laziness,
and/or irritability) and fur condition (glossiness and
messiness). Body weight was measured at 10 am
every day to produce a weight-change curve. Stool
characteristics were evaluated and feces were scored
[11]
using the Bristol Stool Form Scale : type 1, separate
hard lumps, like nuts; type 2, sausage-shaped but
lumpy; type 3, like a sausage or snake but with cracks
on its surface; type 4, like a sausage or snake, smooth
and soft; type 5, soft blobs with clear-cut edges; type
6, fluffy pieces with ragged edges, a mushy stool; and
type 7, watery, no solid pieces. The fecal score was
summarized every 5 d.

Statistical analysis

All statistical analyses were performed using SPSS
19.0. Measurement data are presented as mean ± SD.
Data analysis was carried out using one-way ANOVA,
and comparisons between two among the three
groups were made using the Student-Newman-Keuls
method. A P-value < 0.05 was considered statistically
significant.

Sample collection and tissue processing

Ileal pouch tissue was harvested from rats under
anesthesia on the 30th postoperative day, with speci
mens taken from the same location in the pouches
in all rats. Specimens were rinsed with ice-cold saline
and then fixed in 4% neutral formalin solution (Jiayu
Chemical Co. Ltd, Jinan, China). Blood samples (3
mL) were taken from the abdominal aorta using a 5

WJG|www.wjgnet.com

RESULTS
General condition

Rats in all groups responded well to surgery, with no
signs of burnout, laziness, or irritability (Figure 1A-C).
The time to first defecation in the control, EN, and IN
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Table 1 Histological scoring criteria
Score

Erosion

Ulceration

Villous atrophy

Edema in the lamina propria

0
1

Negative
Focal erosion

None
Mild

None
Positive

2
3

Erosion is observed In many regions
Extensive erosion

None
Focal ulceration of the mucosa at
½ superficial regions
Total mucosal ulceration at multiple foci
Extensive mucosal ulceration extending
to muscularis mucosa or beyond

Moderate
Severe, villous flattening

Intra-epithelial inflammation was evaluated by counting the lymphocytes in 100 epithelial cells at the tips of the villi. Abscess formation and submucosal
inflammation were also evaluated.

A

B

D

C

E

P > 0.05

4

Control

P > 0.05

a

3
Fecal score

First defecation time (d)

EN

6

P > 0.05

2

a

a a

a

a

a a

IN
a

a

a

4

a

2

1

0
Control

EN

IN

0

5d

10 d

15 d

20 d

25 d

30 d

Figure 1 General condition of rats. Mental states of rats in the (A) Control, (B) EN, and (C) IN groups are shown, and they reacted sensitively, with no signs of
burnout, laziness, or irritability; D: There was no significant difference in the time to first defecation among the three groups (F = 0.32, P = 0.73); E: The fecal scores
were significantly higher in the EN and IN groups compared with the control group at 5, 10, 15, 20, 25, and 30 d postoperatively (P < 0.05 for all), but there were no
significant differences between the EN and IN groups (P > 0.05 for all). Bars represent mean ± SD, n = 8. aP < 0.05 vs Control. EN: Enteral nutrition; IN: Immune
nutrition.

groups was 2.43 ± 0.53, 2.40 ± 0.55, and 2.60 ± 0.54 d
after IPAA, respectively. There was no significant di
fference in the first defecation time among the three
groups (F = 0.32, P = 0.73) (Figure 2D). The fecal
scores in the EN and IN groups were significantly
higher than those in the control group at 5, 10, 15,
20, 25, and 30 d postoperatively (P < 0.05 for all),
but there were no differences between the EN and IN
groups (P > 0.05 for all).

term decrease postoperatively. The lowest body weight
was reached at 9.43 ± 1.81, 7.80 ± 0.84, and 4.60
± 1.71 d postoperatively in the control, EN, and IN
groups, respectively (F = 20.98, P < 0.01), and the
weight decreases were 81.29 ± 12.30, 59.81 ± 4.15,
and 26.26 ± 8.04 g, respectively (F = 79.18, P < 0.01).
The time to the lowest body weight and body weight
decrease were both greater in the control compared
with the EN (P < 0.05) and IN (P < 0.05) groups,
and were both greater in the EN compared with the
IN group (P < 0.05) (Figure 2B and C). Body weights
of rats in the control, EN, and IN groups recovered to
344.00 ± 9.66, 359.20 ± 10.06, and 373.60 ± 9.86 g,
respectively, on the 30th day postoperatively (F =

Nutritional status

There were no significant differences in body weight
among the three groups pre-operatively (F = 0.57, P
= 0.57) (Figure 2A), but body weight showed a short-
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Figure 2 Body weight changes in rats during the study period. A: Body weights were similar in all three groups pre-operatively (F = 0.57, P = 0.57); B Time to
minimum weight was significantly longer in the control group compared with the EN (P < 0.05) and IN (P < 0.05) groups, and longer in the EN group compared with
the IN group (P < 0.05); C: The weight decline was greater in the control group compared with the EN (P < 0.05) and IN (P < 0.05) groups, and greater in the EN
compared with the IN group (P < 0.05); D: Body weight at 30 d postoperatively was significantly higher in the EN group compared with the control group (P < 0.05) and
significantly lower compared with the IN group (P < 0.05); E: Weight-change curve for rats over 30 d postoperatively. Bars represent mean ± SD, n = 8. EN: Enteral
nutrition; IN: Immune nutrition.

group were significantly higher than those in the EN (P
< 0.05 for all) and IN (P < 0.05 for all) groups, while
levels in the EN group were higher than those in the IN
group (P < 0.05 for all) (Figure 3).

18.02, P < 0.01). Body weight was significantly lower
in the control group than in the EN an IN groups (P <
0.05), and in the EN group than in the IN group (P <
0.05) (Figure 2D).
Serum levels of TP, ALB, PA, and TF were signi
ficantly different among the three groups (F = 13.51,
P < 0.01; F = 17.25, P < 0.01; F = 37.98, P < 0.01; F
= 36.41, P < 0.01, respectively). Levels in the control
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Mucosal barrier function of the ileal pouch

HE staining showed that the integrity of the mucosal villi
in the ileal pouch was disrupted in the control group.
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Figure 3 Changes in serum protein levels. A: Serum TP level was significantly higher in the EN group compared with the control group (P < 0.05) and significantly
lower compared with the IN group (P < 0.05); B: Serum ALB level was significantly higher in the EN group compared with the control group (P < 0.05) and significantly
lower compared with the IN group (P < 0.05); C: Serum PA level was significantly higher in the EN group compared with the control group (P < 0.05) and significantly
lower compared with the IN group (P < 0.05); D: Serum TF level was significantly higher in the EN group compared with the control group (P < 0.05) and significantly
lower compared with the IN group (P < 0.05). Bars represent mean ± SD, n = 8. EN: Enteral nutrition; IN: Immune nutrition; TP: Total protein; ALB: Albumin; PA:
Prealbumin; TF: Transferrin.

The villus stroma was loose and irregular, and the villus
epithelium showed necrosis, shedding, and atrophy, as
well as edema in the lamina propria (Figure 4A). The
morphology of the pouch mucosa in the EN (Figure 4B)
and IN (Figure 4C) groups was largely normal: the villus
structure was intact and its arrangement was neat, the
epithelial cells were arranged regularly, and there was
occasional interstitial edema. The pathological scores
in the EN (0.80 ± 0.37) and IN (0.60 ± 0.40) groups
were significantly higher than that in the control group
(2.29 ± 0.18, F = 62.15, P < 0.01) (P < 0.05 for both).
However, there was no significant difference between
the EN and IN groups (P > 0.05) (Figure 4D).
Immunohistochemical staining revealed that ex
pression levels of occludin protein in the ileal pouch
mucosa in the EN (0.182 ± 0.054) and IN (0.188 ±
0.048) groups were significantly higher than that in the
control group (0.127 ± 0.032, F = 4.34, P = 0.02) (P <
0.05 for both), but there was no significant difference
between the EN and IN groups (P > 0.05) (Figure 5).

the disease and its related clinical manifestations. In
addition, restrictions on the types of food that can be
eaten safely can result in food intolerances. As a result,
[13]
about 23.4% of UC patients are malnourished .
During IPAA, the colon and rectum are removed and
[3]
the ileal pouch is connected to the anus . However,
although the digestive tract is reconstructed, its
digestive and absorptive functions are impaired, while
the patient’s nutritional status is further worsened
[14]
by stress caused by the surgery and anesthesia .
Effective means of providing nutritional support for UC
patients and thus accelerating their recovery after IPAA
have thus become an important question. The current
study, based on a stable model of IPAA in rats fed
different EN diets, showed that short peptide EN and
glutamine could effectively improve nutritional status,
protect the mucosal barrier of the ileal pouch, and
accelerate the recovery of rats after IPAA operation.
The results of this study showed that the time
to first defecation and mental state of rats fed short
peptide EN with different nutrients after IPAA were
similar to those of control rats, but the fecal scores
were higher. This effect may be associated with
the increased absorption efficiency of short peptide

DISCUSSION
UC patients lose nutrition because of the nature of
WJG|www.wjgnet.com

588

February 7, 2018|Volume 24|Issue 5|

Xu YY et al . Effect of glutamine on recovery after IPAA

A

B

D

C

P < 0.05

3

Histological score

P < 0.05

2

P > 0.05
1

0

Control

EN

IN

Figure 4 Hematoxylin and eosin staining of the ileal pouch mucosa. A: The integrity of the pouch’s mucosal villi was disrupted in the control group. The villus
stroma was loose and irregular, and the villus epithelium showed necrosis, shedding, and atrophy, as well as edema in the lamina propria. The morphology of the
pouch mucosa in the (B) EN and (C) IN groups was largely normal; the villus structure was intact and its arrangement was neat, the epithelial cells were arranged
regularly, and there was occasional interstitial edema; D: Pathological scores were higher in the EN and IN groups compared with the control group (P < 0.05 for both).
However, there was no significant difference between the EN and IN groups (P > 0.05 for both). Bars represent mean ± SD, n = 8. EN: Enteral nutrition; IN: Immune
nutrition.
[15]

nutrients in the small intestine . Glutamine can serve
as an energy source for intestinal epithelial cells and
[7]
provide nutrients , while short peptide nutrition has
the characteristics of low residue, defecation balance,
[16]
and a low need for digestive juices .
The levels of plasma proteins play an important
[17]
role in the assessment of nutrition . The main indices
include TP, ALB, and protein A/G; however, progress
in the development of detection technologies means
that other visceral proteins, such as PA and TF, have
also emerged as candidates for assessing nutritional
[18]
status . TP can reflect malnutrition caused by chronic
disease, while ALB is an important indicator of nutritional
status that can effectively reflect disease severity and
the relationship between protein consumption and
intake. PA is a relatively sensitive indicator of acute
changes in nutritional status in the short term, and is
the gold standard for monitoring and evaluating the
[19,20]
nutritional status of patients
. TF often falls along
with decreases in PA and ALB in the acute reaction
phase, and can be used as an indicator of nutritional
[21,22]
status
.
The results of this study showed that serum levels
of TP, PA, ALB, and TF were significantly improved
in the IN group postoperatively, compared with the
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control and EN groups. Changes in body weight,
which is another indicator of nutritional status, are
consistent with serum protein levels. These findings
demonstrated that glutamine could effectively improve
nutritional status after IPAA in rats. Glutamine is a nonessential amino acid in the body in the stress state; it
can prevent the excessive decomposition of muscle,
promote protein synthesis, and protect the intestinal
mucosa. After IPAA, the rats were stressed and the
demand for nutrients was thus greatly increased, but
the synthesis of nutrients could not meet their needs.
EN and postoperative diets generally have a lack of
glutamine, and supplementing the diet with glutamine
after IPAA could increase the synthesis of tissue
proteins, meet the nutritional needs, and improve nutri
[23]
tional status. Liu et al
found that glutamine supple
mentation improved the nutritional status of patients
[24]
with acute pancreatitis, while Wischmeyer et al
also reported that glutamine had a positive effect on
recovery after IPAA. Our results are consistent with
these previous reports.
In addition to the functions of digestion, absorption,
and peristalsis, the intestinal tract is also involved in
[25,26]
[27]
immune regulation
, hormone secretion , and
mucosal barrier function. The intestinal barrier plays an
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Figure 5 Immunohistochemical staining of the ileal pouch mucosa. Immunohistochemical staining in the (A) control, (B) EN, and (C) IN groups are shown.
D: Expression levels of occludin protein in the EN and IN groups were significantly higher compared with the control group (P < 0.05 for both), but there was no
significant difference between the EN and IN groups (P > 0.05 for both). Bars represent mean ± SD, n = 8. EN: Enteral nutrition; IN: Immune nutrition.
[28]

important role in the maintenance of intestinal function .
Occludin is an intercellular tight junction protein, and
numerous studies have shown that occludin plays an
[29,30]
important role in the intestinal mucosal barrier
and
can be used as an indicator of mucosal barrier function
[31]
in the ileal pouch . In our study, occludin levels were
higher in the EN and IN groups compared with the control
group, suggesting that short peptide EN and glutamine
could enhance the mucosal barrier function of the ileal
pouch by increasing the expression of occludin.
In addition, the histological score and occludin level
in the IN group were higher than those in the EN group,
indicating that glutamine could increase the expression
level of occludin. Numerous animal experiments have de
monstrated that glutamine supplementation can prevent
intestinal mucosal atrophy, as well as restore intestinal
[7]
villus height and crypt depth. Wang et al reported that
glutamine could regulate the expression of tight junction
proteins. A possible mechanism for this is as follows: (1)
glutamine can supply energy for the proliferation and
[32]
differentiation of intestinal epithelial cells ; (2) stimulate
[33]
heat shock proteins and thus promote cell growth ; and
(3) promote cell proliferation by regulating the ERK1 and
[34]
the JNK signaling pathways .
In conclusion, feeding short peptide EN supplemented
with glutamine can accelerate postoperative recovery
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after IPAA in rats. It can also improve nutritional status,
which has important implications for the nutritional
support of patients with UC after IPAA. In terms of
nutritional support, EN can be used in patients with UC
at the early postoperative stage, and glutamine may be
added as appropriate to improve the nutritional status of
patients and speed up their recovery.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Glutamine is a nutrient active in the immune system, and may influence
recovery after surgery. However, clinical research into nutritional support for
ulcerative colitis (UC) patients after ileal pouch-anal anastomosis (IPAA) is
currently lacking. Therefore, it is important to explore appropriate postoperative
nutritional support to address the issue of postoperative malnutrition.

Research motivation

The purpose of this study was to investigate the effects of enteral nutrition
(EN) supplemented with different nutrients on recovery, nutritional status,
and mucosal barrier function of the ileal pouch in IPAA rats. These results will
provide an experimental basis for nutritional treatment of ulcerative colitis (UC)
patients after IPAA.

Research objectives

To assess the effect of EN supplemented with glutamine on recovery after IPAA
in rats, to provide an experimental basis for nutritional support in patients with
UC after IPAA.
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Research methods

8

Male Sprague-Dawley (SD) rats were randomly divided into three groups (n
= 8) after IPAA operation using a microsurgical technique. From the third day
postoperatively, rats in the control group, EN group, and immune nutrition (IN)
group were fed standard rat chow, short peptide EN, and short peptide EN
combined with glutamine ad libitum, respectively. The rats’ general condition
was observed throughout the study. Serum levels of total protein, albumin,
prealbumin, and transferrin were detected on the 30th day postoperatively,
using an automatic biochemical analyzer. The ileal pouch mucosa was stained
with hematoxylin and eosin, and occludin protein levels were detected by
immunohistochemistry.

9

10
11

Research results

The body weight of rats in the EN group was significantly higher than that in the
control group (P < 0.05) and lower than that in the IN group (P < 0.05) on the
30th day postoperatively. The levels of serum TP, ALB, PA, and TF in the EN
group were significantly higher than those in the control group (P < 0.01 for all)
and lower than those in the IN group (P < 0.05 for all). Histopathological scores
and expression levels of occludin protein were significantly lower in the control
group compared with the EN and IN groups (P < 0.05 for all), but there were no
significant differences between the latter two groups (P > 0.05 for all).

12

13

Research conclusions

14

Feeding short peptide EN supplemented with glutamine can accelerate
postoperative recovery after IPAA in rats. It can also improve nutritional status,
which has important implications for the nutritional support of patients with UC
after IPAA. In terms of nutritional support, EN can be used in patients with UC
at the early postoperative stage, and glutamine may be added as appropriate to
improve the nutritional status of patients and speed up their recovery.

15

Research perspectives

In the future, we will further study on the nutritional support following IPAA
procedure, such as enteral nutrition supplemented with probiotics, to improve
the postoperative life quality.

16
17
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Abstract
AIM
To study the role of semaphorin 4D (Sema4D) expre
ssion promoted by tumor-associated macrophages
(TAMs) in gastric carcinoma cells and its clinical sig
nificance in the invasion and metastasis of gastric
carcinoma.
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METHODS
CD68 and Sema4D expression was analyzed in gastric
carcinoma and adjacent normal tissues from 290
patients using the immunohistochemical streptavidinperoxidase method, and their relationships with
clinicopathological features were evaluated. Human
M2 macrophages were induced in vitro and co-cultured
in non-contact with gastric carcinoma SGC-7901 cells.
Changes in the secretory Sema4D level in the SGC-7901
cell supernatant were measured using an enzymelinked immunosorbent assay. The effects of TAMs on
SGC-7901 cell invasion and migration were assessed
with invasion and migration assays, respectively.

Conflict-of-interest statement: The authors declare no conflict
of interest related to this publication.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

WJG|www.wjgnet.com

593

February 7, 2018|Volume 24|Issue 5|

Li H et al . Macrophages promote Sema4D expression in gastric cancer
[1,2]

RESULTS
CD68 and Sema4D protein expression was significantly
higher in gastric carcinoma tissues than in adjacent
normal tissues (71.7% vs 33.8% and 74.5% vs
42.8%, respectively; P < 0.01). CD68 and Sema4D
protein expression was significantly associated with
histological differentiation, TNM stage, and lymph node
metastasis (P < 0.05), and their expression levels were
positively correlated with one another (r = 0.467, P <
0.01). In the in vitro experiment, secretory Sema4D
protein expression was significantly increased in the
supernatant of SGC-7901 cells co-cultured with TAMs
compared with the blank control (1224.13 ± 29.43 vs
637.15 ± 33.84, P < 0.01). Cell invasion and metastasis
were enhanced in the Transwell invasion and migration
assays (P < 0.01).

cancers . The tumor microenvironment plays a major
role in the invasion and metastasis of gastric carcinoma.
Tumor-associated macrophages (TAMs) are an
important component of the tumor microenvironment.
TAMs are recruited in the hypoxic microenvironment
of various solid tumors and are involved in multiple
[3,4]
steps of tumor progression . Macrophages can be
divided into two classes according to differences in the
activation method, surface markers, and functions as
follows: M1 macrophages with classic activation, and
M2 macrophages with selective activation. Numerous
TAMs are present in the inflammatory environment of
[5]
tumor and are recognized as M2 macrophages . CD68
[6]
is an important marker molecule of TAMs . TAMs have
been shown to enhance the infiltration and metasta
sis ability of tumor cells by expressing certain growth
[7]
factors and cytokines . TAMs also suppress immune
responses in the microenvironment and promote tumor
progression by facilitating tumor angiogenesis and
[8]
lymphangiogenesis .
Semaphorin 4D (Sema4D) is an important member
of the semaphorin subfamily and plays a major role in
the nervous and immune systems. Sema4D is expressed
at high levels in various tumor tissues, including head
and neck squamous cell carcinoma, prostate cancer,
and colon cancer, and its role in promoting tumor angio
[9-12]
genesis is becoming a hot research topic
. Sema4D
is another important proangiogenic factor following
[13]
vascular endothelial growth factor (VEGF) . In the
present study, we examined the expression of the TAM
markers CD68 and Sema4D in gastric carcinoma and
adjacent normal tissues using immunohistochemical
assays and analyzed their clinical significance. We also
evaluated Sema4D expression in gastric carcinoma cells
and the changes in the cellular invasion and metastasis
abilities through co-culture of TAMs and gastric carcinoma
cells in vitro. We explored the effect of TAMs on Sema4D
expression in gastric carcinoma tissues and its role in
the development and progression of gastric carcinoma
to provide a new theoretical reference for the prevention
and treatment of this cancer.

CONCLUSION
TAMs promote the invasion and metastasis of gastric
carcinoma cells possibly through upregulated secretory
Sema4D protein expression. Combined detection of
TAM markers, CD68 and Sema4D, in gastric carcinoma
tissue shows potential to predict the trend of gastric
carcinoma progression.
Key words: Gastric carcinoma; CD68; Semaphorin 4D;
Tumor-associated macrophages
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study explored the role and clinical
significance of semaphorin 4D (Sema4D) expression
promoted by tumor-associated macrophages (TAMs) in
gastric carcinoma cells. By using immunohistochemical
streptavidin-peroxidase method on tissue species and
gastric carcinoma cells in non-contact co-culture with
human M2 macrophages in vitro , we found that Sema4D
protein expression was significantly higher in gastric
carcinoma tissues than in adjacent normal tissues, and
TAMs promoted the invasion and metastasis of gastric
carcinoma cells possibly through upregulated Sema4D
protein expression.

MATERIALS AND METHODS

Li H, Wang JS, Mu LJ, Shan KS, Li LP, Zhou YB. Promotion
of Sema4D expression by tumor-associated macrophages:
Significance in gastric carcinoma. World J Gastroenterol 2018;
24(5): 593-601 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i5/593.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i5.593

Patients

A total of 290 patients with gastric carcinoma con
firmed by a histopathological diagnosis from January
to December 2012 with complete medical record data
were collected from Shandong Provincial Hospital,
the Affiliated Hospital of Qingdao University, and
Weifang People’s Hospital in China. None of the pati
ents received radiotherapy or chemotherapy prior to
surgery or had a hereditary family medical history.
The patients included 158 men and 132 women aged
30 to 81 years (median age, 55 years). Regarding
the pathological type, 78 patients had well differenti
ated adenocarcinoma, 113 patients had moderately
differentiated adenocarcinoma, and 99 patients had

INTRODUCTION
Gastric carcinoma is one of the most common mali
gnancies. The incidence of gastric carcinoma currently
ranks fourth in malignant tumors worldwide after only
lung cancer, breast cancer, and colon cancer, and the
mortality of gastric carcinoma is ranked second among
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poorly differentiated adenocarcinoma. Based on the
th
7 edition of the International Union Against Cancer
(UICC) tumor, node, metastasis (TNM) staging system,
105 patients had stage Ⅰ/Ⅱ disease, and 185 patients
had stage Ⅲ/Ⅳ disease. A total of 195 patients had
lymph node metastasis, and 95 patients did not have
lymph node metastasis. Normal adjacent tissue was
collected at a 3-cm distance from the lesion as the
control. Two pathologists determined the pathological
type and tumor grade. In case of disagreement in the
diagnosis, a third pathologist reviewed the case, and
the final diagnosis was made through discussion.

5%-25% positive cells, 1 point; 26%-50% positive
cells, 2 points; 51%-75% positive cells, 3 points; and
> 75% positive cells, 4 points. The final score was
the sum of the scores obtained using the above two
criteria. A total score of 0-2 points was considered
negative expression and 3-7 points was considered
positive expression.

Gastric carcinoma cell lines and major reagents and
materials used to induce M2 macrophages

The gastric carcinoma SGC-7901 cell line and the
human monocyte THP-1 cell line were purchased from
the Shanghai Cell Bank, Chinese Academy of Sciences.
The monoclonal rabbit anti-CD68 antibody and fluor
escein (FITC)-labeled goat anti-rabbit secondary IgG
were purchased from Abcam, United States. The
Sema4D ELISA kit was purchased from BD, United
States. Matrigel was purchased from Sigma, United
States. Six-well Transwells with 0.4-µm and 8-μm pore
polycarbonate membrane inserts were purchased from
Corning, United States. Phorbol ester (PMA), interleukins
(IL)-4 and -13, and Giemsa dye were purchased from
Zsbio, Beijing, China. RPMI 1640 medium and fetal
bovine serum (FBS) were purchased from Gibco, United
States.

Immunohistochemical reagents and experimental
methods

Reagents and methods: The monoclonal rabbit antiSema4D antibody, anti-CD68 antibody, and streptavidinperoxidase (SP) kit were purchased from Abcam,
United States. All paraffin-embedded tissue blocks
were cut into 4-μm thick continuous sections. Immun
ohistochemical staining using the SP method was
performed following the kit instructions after positioning
by hematoxylin and eosin staining. Briefly, the sections
were subjected to conventional deparaffinization, 3%
H2O2 inactivation of endogenous enzymes, antigen
retrieval by heating, and blocking of non-specific
staining with rabbit serum. The primary antibody
(1:100 dilution), biotin-labeled secondary antibody, and
enzyme-labeled streptavidin were successively added,
and the sections were incubated at 37 ℃ for 25 min.
After color development with 3,3-diaminobenzidine, the
sections were slightly counterstained with hematoxylin,
conventionally dehydrated, cleared with xylene,
mounted with neutral resin, observed under an inverted
microscope, and photographed. The primary antibody
was substituted with phosphate-buffered saline (PBS)
as a negative control. Known positive sections provided
by the reagent company were used as positive controls.
Each sample was re-stained once.

Conventional cell culture: Gastric carcinoma
SGC-7901 cells and human THP-1 mononuclear cells
were cultured in RPMI 1640 medium containing 10%
deactivated FBS at 37 ℃ with 5% CO2 and saturated
humidity. The cells were passaged every 2-3 d.
In vitro activation of human M2 macrophages:
Suspended human THP-1 mononuclear cells were
centrifuged and resuspended with RPMI 1640 medium
containing 10% FBS. The cells were counted and then
5
seeded at a density of 7.5 × 10 cells/well into 6-well
culture plates. Human THP-1 macrophages were
treated with 320 nmol/L of PMA for 6 h, followed by
20 ng/mL of IL-4 and 20 ng/mL of IL-13 for 18 h, for
a total of 24 h in culture. Thereafter, the medium was
aspirated using a pipette. The cells were washed with
PBS three times and resuspended in serum-free RPMI
1640 medium.

Result interpretation: The sections were reviewed
[14]
according to the criteria of Birner et al . The protein
staining intensity and the percentage of positive cells in
the total cell count were analyzed semi-quantitatively.
The criteria for determining positive expression were
as follows: (1) Positive expression was mainly shown
as brownish-yellow or brown particles in the cell
membrane, cytoplasm, or nucleus. The intensity of
positive staining was scored as follows: cells without
staining, 0 points; cells stained light yellow, 1 point;
cells stained yellow, 2 points; and cells stained brown,
3 points; (2) Five different fields of view were selected
at random under a high-resolution electron microscope
to count the numbers of total cells and positive cells.
Scores were recorded based on the percentage of
positive cells as follows: <5% positive cells, 0 points;
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Immunofluorescence for identification of cells:
The medium was aspirated from the 6-well plates
used for TAM culture. The cells were fixed with 4%
paraformaldehyde at room temperature, clarified with
0.3% Triton X-100, and blocked at room temperature
with 1% bovine serum albumin. Subsequently, the
cells were incubated with an anti-CD68 monoclonal
antibody (1:100 dilution) at 4 ℃ overnight, followed by
incubation with a FITC-labeled secondary antibody at
room temperature in the dark. After nuclear staining,
the cells were mounted and observed. The primary
antibody was substituted with PBS as the negative
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A

B

Figure 1 CD68 and Sema4D expression in gastric carcinoma (streptavidin-peroxidase, × 400). A: Positive staining for CD68 in gastric carcinoma tissues; B:
Positive staining for Sema4D in gastric carcinoma tissues.

control.

the two groups were collected 18 h later, centrifuged
at 1000 g/min for 15 min, and frozen at -80 ℃. The
supernatant was thawed in a 37 ℃ water bath 30
min prior to the ELISA. The procedure followed the
instructions of the Sema4D ELISA kit.

Transwell non-contact co-culture of M2 macrophages
and gastric carcinoma cells

Invasion assay: The upper compartment of a six-well
Transwell chamber was coated with 200 μL of diluted
matrigel (matrigel:PBS = 1:9) and incubated in a 37 ℃
incubator for 30 min. Gastric carcinoma SGC-7901
5
cells were seeded at a density of 2 × 10 cells/well
into the upper compartment of the Transwell chamber
(8-µm pore size) and cultured in serum-free RPMI
1640 medium. Tumor-associated M2 macrophages
were implanted into the lower compartment as an
experimental group, and serum-free RPMI 1640
medium was used as a blank control group. The cells
were cultured at 37 ℃ in a 5% CO2 incubator for 18 h
and then fixed and stained. Three replicate wells were
set for each group, and the experiment was repeated
three times. The cells were continuously counted
in five fields of view selected at random under high
magnification (200 ×), and the mean number was
calculated.

Statistical analysis

Data were analyzed using SPSS 18.0 software. Clinical
2
data were analyzed using the χ test or Fisher’s exact
probability test with a four-fold table, and correlations
were tested by Spearman’s rank correlation analysis.
Count data, including cell counts in the invasion and
migration assays and the Sema4D concentration in the
cell supernatant estimated by ELISA, were analyzed
using an independent sample t-test. Differences were
considered significant at P < 0.05.

RESULTS
CD68 and Sema4D protein expression in gastric
carcinoma

Immunohistochemical staining showed that CD68
was mainly concentrated in the interstitium of gastric
carcinoma tissues. CD68 mainly infiltrated interstitial
cells in gastric carcinoma tissues, which was stained
as a brown color. Sema4D protein expression was
mainly localized in the cytoplasm and nuclei of gastric
carcinoma cells and the cytoplasm of tumor interstitial
cells (mainly TAMs), which stained a brown color.
CD68 and Sema4D expression was significantly higher
in gastric carcinoma tissues than in adjacent normal
2
tissues [71.7% (208/290) vs 33.8% (98/290), χ =
2
83.703; 74.5% (216/290) vs 42.8% (124/290), χ =
60.161; P < 0.01 for both, Figure 1].

Migration assay: The Transwell did not need to be
coated with matrigel. The remaining procedures were
identical to those used in the invasion assay.
ELISA assay: Gastric carcinoma SGC-7901 cells
were seeded into the lower compartment of a 6-well
Transwell chamber (0.4-μm pore size) at a density of
5
2 × 10 cells/well. Tumor-associated M2 macrophages
were implanted into the upper compartment as an
experimental group, and serum-free RPMI 1640
medium was used as a blank control group. Three
replicate wells were set up for each group. The cells
were cultured at 37 ℃ in a 5% CO2 incubator for 18 h
and then fixed and stained. At the end of the culture
period, the upper compartment was removed. The
SGC-7901 cell supernatant was discarded, and the
cells were washed three times with PBS, followed by
the addition of fresh medium. The cell supernatants of
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Correlation analysis between CD68 and Sema4D
expression and clinicopathological features of gastric
carcinoma

Positive staining for CD68 and Sema4D was correlated
with histological differentiation type, TNM stage, and
lymph node metastasis (P < 0.05), but not with age,

596

February 7, 2018|Volume 24|Issue 5|

Li H et al . Macrophages promote Sema4D expression in gastric cancer
Table 1 Relationship between CD68 and Sema4D expression and clinicopathological features of patients n (%)
Clinicopathological feature

CD68-positive

Age (yr)
≤ 50
> 50
Gender
Male
Female
Histological differentiation type
Well differentiated adenocarcinoma
Moderately differentiated adenocarcinoma
Poorly differentiated adenocarcinoma
Tumor diameter (cm)
<5
≥5
TNM stage
Ⅰ/Ⅱ
Ⅲ/Ⅳ
Lymph node metastasis
Yes
No

Sema4D-positive

χ2

P value

0.761

0.383

Positive rate
103/149 (69.0)
104/141 (73.8)

χ2

P value

3.538

0.060

2.194

0.139

30.6961

0.0001

1.189

0.276

20.639

0.000

6.319

0.012

104/149 (70.0)
112/141 (79.4)
0.524

0.469

105/151 (69.5)
102/139 (73.4)

113/151 (77.2)
114/139 (71.2)
18.511

0.000

41/78 (52.5)
88/113 (87.9)
78/99 (78.8)

40/78 (51.3)
96/113 (85.0)
80/99 (80.8)
3.120

0.077

116/153 (75.8)
91/137 (66.4)

118/153 (77.1)
98/137 (71.5)
6.142

58/105 (55.2)
149/185 (80.5)

Positive rate

1.000
7.375

149/195 (76.4)
58/95 (61.1)

0.013
60/105 (57.1)
156/185 (84.3)
0.007
154/195 (80.0)
62/95 (65.3)

1

Well differentiated group compared with the moderately and poorly differentiated groups. TNM: Tumor, node, metastasis.

in the blank control group showed an epithelial cell
structure that was cubic, with a blunt edge and a
compact arrangement, and the cell confluence was
high. Gastric carcinoma SGC-7901 cells in the coculture group presented a narrow, long, interstitial celllike shape that was long spindle, with pseudopodium
elongation, loose cell arrangement, and even individual
cell migration, and the confluence between the cells
decreased (Figure 3).

Table 2 CD68 and Sema4D expression in gastric carcinoma
and adjacent tissues
Sema4D
Group
CD68
Negative
Positive

n

Negative

Positive

83
207

50
24

33
183

gender, or tumor size (Table 1, P > 0.05).

TAMs promote the invasion and migration of gastric
cancer SGC-7901 cells

Correlation between CD68 and Sema4D protein
expression in gastric carcinoma tissues

Migration assay: The number of migrating cells in
the co-culture group was significantly higher than that
in the control group (111.80 ± 11.82 vs 71.27 ± 6.44,
P < 0.01, Figure 4).

Sema4D expression was positive in 183 of the 207
gastric carcinoma tissues with positive CD68 expression
(88.4%, 183/237). Of the 83 gastric carcinoma tissues
with negative CD68 expression, Sema4dD showed
positive expression in only 33 (39.8%, 33/83) cases.
Spearman’s correlation analysis revealed a positive
correlation between CD68 and Sema4D expression in
gastric carcinoma tissues (r = 0.467, P < 0.01, Table 2).

Invasion assay: The numbers of invasive SGC-7901
cells that passed through the matrigel were 120.40 ±
8.10 in the co-culture group and 76.67 ± 8.63 in the
control group; the difference between the two groups
was significant (P < 0.01, Figure 5). Thus, TAMs
enhanced the in vitro invasion and metastasis abilities
of the SGC-7901 cells.

Induction and identification of TAMs

Suspended human THP-1 mononuclear cells were
treated with PMA, IL-4, and IL-13, followed by adherent
growth. CD68 was expressed in the cytoplasm of
macrophages, and positive material in the cytoplasm
emitted green fluorescence after staining (Figure 2).
When the primary antibody was substituted with PBS,
the cytoplasm showed a negative result (Figure 2).

Expression of the secretory Sema4D protein in the
supernatants from different cultures

At the end of co-culture, we measured the expression
of the secretory Sema4D protein in the SGC-7901
cell supernatants of the control and co-culture groups
using the Sema4D ELISA kit. The Sema4D level in the
blank control group was 637.15 ± 33.84 pg/mL, and
the level in the co-culture group was 1224.13 ± 29.43
pg/mL; the difference between the two groups was

Cell morphological observation

After co-culture with TAMs, gastric carcinoma SGC-7901
cells showed great morphological changes. The cells
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A

B

Figure 2 Immunofluorescence staining of cells (400 ×). A: CD68-negative cells; B: CD68-positive cells.

Control

Co-culture

Figure 3 Morphological changes of gastric carcinoma SGC-7901 cells. A: Control; B: Co-culture group (400 ×).

Control

Co-culture

Figure 4 Tumor-associated macrophages promote SGC-7901 cell migration (200 ×, P < 0.01).

significant (P < 0.01, Figure 6).

balance exists between normal cells and their sur
rounding microenvironment, both of which jointly act
to regulate cell activity, proliferation, differentiation,
apoptosis, and the secretion and expression of related
[17]
cytokines . Once this balance is broken, the normal
microenvironment changes to allow the malignant
transformation of the cells. With the malignant growth
of tumor, tumor cells continue to invade outward to
fetch nutrients, and the surrounding microenvironment
gradually evolves into a special environment with
tissue hypoxia, acidosis, numerous growth factors,

DISCUSSION
Distant metastasis and recurrence are the leading
causes of death in patients with gastric carcinoma and
are critical factors that affect the clinical efficacy and
[15]
prognosis . Gastric carcinoma is an immunogenic
tumor, and the immune microenvironment of the tumor
interstitium plays a major role in the development
[16]
and progression of gastric carcinoma . A dynamic
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Control

Co-culture

Figure 5 Tumor-associated macrophages promote SGC-7901 cell invasion (200 ×, P < 0.01).

the immunosuppressive state of the microenviron
ment, ultimately promoting tumor development and
[24]
progression . TAMs are closely related to tumor
[25]
development, progression, and prognosis . CD68 is
a cytoplasmic protein which is the most reliable TAMs
[6]
marker . In the present study, TAMs extensively
infiltrated the interstitial gastric carcinoma tissues, and
significantly higher expression was observed in gastric
carcinoma tissues than in adjacent normal tissues.
Patients with lymph node metastasis presented higher
expression than those without. A lower histological
differentiation level was associated with a higher positive
rate of CD68 expression. No significant correlation was
found with other clinicopathological features, such as
patient age or tumor size. These findings suggest that
TAMs are closely associated with the prognosis of gastric
carcinoma.
Sema4D, also known as CD100, is an important
member of the class Ⅳ semaphorin subfamily that was
originally identified as a semaphorin affecting neuro
[26]
development . Further studies found that SEMA4D
could bind to the receptors cluster of differentiation
72 and Plexin B and thus play an important role in
the nervous system, immune system, thrombosis,
[27]
and tumor neovascularization . Sema4D is another
important proangiogenic factor after VEGF and is
highly expressed in various tumor tissues, including
head and neck squamous cell carcinoma, prostate
[28]
cancer, colon cancer, breast cancer, and lung cancer .
Sema4D expression level is positively correlated with
tumor progression level, metastasis, and resistance to
radiotherapy and chemotherapy; it plays a major role in
tumor development, progression, adhesion, metastasis,
[29]
and invasive growth . Sema4D plays a critical
role in tumor angiogenesis and vascular maturation
and can increase the tumorigenicity of tumor cells.
In the Sema4D-deficient microenvironment, the
tumorigenicity of tumor cells and their invasion and
[30]
metastasis abilities are seriously weakened . In the
present study, we found that Sema4D was highly
expressed in gastric carcinoma tissues and was closely

Sema4D (pg/mL)

1500

1000

500

0
Control

Co-culture

Figure 6 Expression of Sema4D protein in SGC-7901 cell supernatants of
the control and co-culture experimental groups.
[18]

and proteolysis . This microenvironment and the
tumor cells mutually stimulate each other, which plays
an important role in tumor invasion, migration, and
[19-21]
metastasis
.
The tumor microenvironment is a chronic inflam
matory environment composed of inflammatory cells,
endothelial cells, fibroblasts, and extracellular ma
[22]
trix . Macrophages are an essential component of the
innate immune system as well as a class of important
cells involved in the chronic inflammatory response.
Macrophages in vivo can acquire specific phenotypes
from the local environment and show different fun
ctions, including phagocytosis, antigen presentation,
antibacterial activity, cytotoxicity, tissue remodeling,
[23]
and secretory functions . TAMs are important in
flammatory cells in the tumor microenvironment that
are formed by monocytes in the peripheral circulating
blood that migrate to the tumor microenvironment to
proliferate and differentiate under the action of tumor[3]
derived cytokines and chemokines . TAMs infiltrate
the interstitium of many malignancies and interact
with tumor cells. TAMs also secrete growth factors and
various cytokines, including matrix metalloproteinase
(MMP)-2, MMP-9, VEGF, and TNF-α, to enhance the
invasion and metastasis abilities of tumor cells, facilitate
angiogenesis and lymphangiogenesis, and induce
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and promote tumor progression by facilitating tumor angiogenesis and
lymphangiogenesis.
Semaphorin 4D (Sema4D) is an important member of the semaphorin
subfamily and plays a major role in the nervous and immune systems. Sema4D
is expressed at high levels in various tumor tissues, including head and neck
squamous cell carcinoma, prostate cancer, and colon cancer, and its role in
promoting tumor angiogenesis is becoming a hot research topic. Sema4D is
another important proangiogenic factor following vascular endothelial growth
factor.

associated with histological differentiation type, TNM
stage, and lymph node metastasis. A significant positive
correlation was found between positive CD68 and
Sema4D expression in gastric carcinoma tissues by
Spearman’s correlation analysis. This finding indicates
that TAMs in gastric carcinoma tissues have a synergi
stic relationship with Sema4D production in gastric
carcinoma, which may be an important factor promoting
the invasion and metastasis of gastric carcinoma.
Based on the clinical research results, we conducted
Transwell non-contact co-culture assays with TAMs and
gastric cancer SGC-7901 cells. SGC-7901 cells showed
significant morphological changes, with the cell body
changing from the cubic shape with a blunt edge
into a long spindle; meanwhile, the pseudopodium
increased to varying degrees and became slender, the
cell confluence declined, and individual cell migration
was observed. The epithelial cell characteristics were
lost, and more interstitial cell characteristics were
observed, suggesting that the epithelial-mesenchymal
transition (EMT) occurred to a certain degree. The
EMT is the first step by which tumor cells isolated
from the primary lesion achieve metastatic invasion
[31]
and thus is a critical step . The EMT promotes the
loss of epithelial cell polarity, reduces cell adhesion,
and enhances cell motility; these biological changes
lead to damage to the polarity and tight junctions of
the cells. Additionally, the EMT alters the cytoskeleton
remodeling process, thereby enhancing tumor cell
invasiveness and contributing to the acquisition of the
[31,32]
ability to form distant metastases
. The invasion
and migration assays showed that SGC-7901 cells
in the co-culture group had significantly enhanced
invasion and migration abilities compared to the
cells in the control group. This result suggested that
intercellular adhesion was reduced and that the
infiltration and invasion abilities were enhanced after
the morphological changes of SGC-7901 cells.
TAMs and Sema4D are highly expressed in many
tumors and are associated with tumor development,
progression, angiogenesis, invasion, and metastasis.
Research on their functions and related mechanisms
makes progress every day. Combined detection of
CD68 and Sema4D proteins shows potential for
predicting the progression trend of gastric carcinoma
and determining the patient prognosis. Continuous indepth study of their mechanisms is bound to inject new
vitality into the prevention and treatment of tumors.

Research motivation

The expression of Sema4D in gastric cancer and its relationship with TAMs
have not been explored. If TAMs can promote Sema4D expression and
influence the characters of gastric cancer cells, this will be greatly helpful to
inject new vitality into the prevention and treatment of gastric cancer.

Research objectives

In the present study, we explored the effect of TAMs on Sema4D expression in
gastric carcinoma tissues and its role in the development and progression of
gastric carcinoma to provide a new theoretical reference for the prevention and
treatment of this cancer.

Research methods

By using the immunohistochemical method, the expression of the TAM markers
CD68 and Sema4D in gastric carcinoma and adjacent normal tissues from 290
patients and their relationships with clinical significance were analyzed. In vitro,
changes of the secretory Sema4D level in SGC-7901 cells were measured
using ELISA, and the effect of TAMs on SGC-7901 cell invasion and migration
was assessed with invasion and migration assays, respectively.

Research results

CD68 and Sema4D protein expression was significantly higher in gastric
carcinoma tissues than in adjacent normal tissues. CD68 and Sema4D protein
expression was significantly associated with histological differentiation type,
TNM stage, and lymph node metastasis, and their expression levels were
positively correlated with one another. In the in vitro experiment, secretory
Sema4D protein expression was significantly increased in the supernatant of
SGC-7901 cells co-cultured with TAMs compared with the blank control. Cell
invasion and metastasis were enhanced in the Transwell invasion and migration
assays. However, the mechanism by which TAMs promote gastric cancer cells
to express Sema4D is not clearly now, so we should explore the signal pathway
and other mechanism in the next step to make this more clearly.

Research conclusions

In our study we found that TAMs promoted the invasion and metastasis of
gastric carcinoma cells possibly through upregulated secretory Sema4D
protein expression. Combined detection of TAM markers, CD68 and Sema4D,
in gastric carcinoma tissue shows potential to predict the trend of gastric
carcinoma progression. TAMs and Sema4D are highly expressed in many
tumors and are associated with tumor development, progression, angiogenesis,
invasion, and metastasis. Research on their functions and related mechanisms
makes progress every day. Combined detection of CD68 and Sema4D proteins
shows potential for predicting the progression trend of gastric carcinoma
and determining the patient prognosis. Continuous in-depth study of their
mechanisms is bound to inject new vitality into the prevention and treatment of
tumors.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE

Research perspectives

Research background

By this study, we can learn that TAMs and Sema4D are highly expressed in
gastric carcinoma and are associated with tumor development, progression,
angiogenesis, invasion, and metastasis. Combined detection of CD68 and
Sema4D proteins shows potential for predicting the progression trend of
gastric carcinoma and determining the patient prognosis. Research on their
functions and related mechanisms will make great progress in anti-tumor field.
Continuous in-depth study of their mechanisms is bound to inject new vitality
into the prevention and treatment of tumors.

Gastric carcinoma is one of the most common malignancies and its mortality
is ranked second among cancers. The tumor microenvironment plays a
major role in the invasion and metastasis of gastric carcinoma. Tumorassociated macrophages (TAMs) are an important component of the tumor
microenvironment. TAMs have been shown to enhance the infiltration and
metastasis ability of tumor cells by expressing certain growth factors and
cytokines. TAMs also suppress immune responses in the microenvironment
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Abstract
AIM
To investigate the interactions of the DNA repair gene
excision repair cross complementing group 5 (ERCC5 )
and the metabolic gene glutathione S-transferase pi 1
(GSTP1 ) and their effects on atrophic gastritis (AG) and
gastric cancer (GC) risk.

Informed consent statement: All participants provided written
informed consent according to the Declaration of Helsinki and its
later revision.
Conflict-of-interest statement: The authors declare no conflict
of interest.
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METHODS
Seven ERCC5 single nucleotide polymorphisms (SNPs)
(rs1047768, rs2094258, rs2228959, rs4150291,
rs4150383, rs751402, and rs873601) and GSTP1 SNP
rs1695 were detected using the Sequenom MassARRAY
platform in 450 GC patients, 634 AG cases, and 621
healthy control subjects in a Chinese population.

population. World J Gastroenterol 2018; 24(5): 602-612
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i5/602.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i5.602

RESULTS
Two pairwise combinations (ERCC5 rs2094258 and
rs873601 with GSTP1 rs1695) influenced AG risk
(P interaction = 0.008 and 0.043, respectively), and the
ERCC5 rs2094258-GSTP1 rs1695 SNP pair demonst
rated an antagonistic effect, while ERCC5 rs873601GSTP1 rs1695 showed a synergistic effect on AG
risk OR = 0.51 and 1.79, respectively). No pairwise
combinations were observed in relation to GC risk.
There were no cumulative effects among the pairwise
interactions (ERCC5 rs2094258 and rs873601 with
GSTP1 rs1695) on AG susceptibility (P trend > 0.05).
When the modification effect of Helicobacter pylori (H.
pylori ) infection was evaluated, the cumulative effect
of one of the aforementioned pairwise interactions
(ERCC5 rs873601-GSTP1 rs1695) was associated with
an increased AG risk in the case of negative H. pylori
status (P trend = 0.043).

In light of the study of gastric cancer (GC) pathogenesis,
there is increasing evidence to suggest that the
interactions between various inherited susceptibility
genes may affect the risk of GC development in
[1]
individuals . Single nucleotide polymorphisms (SNPs),
as one of the most general forms of genetic variation,
play a key role in predicting cancer risk in individuals
and are widely applied to study tumor incidence and
prognostic evaluation. However, they are inadequately
utilized for studies of various genes in intricate diseases
[2]
such as cancer , and the presently investigated
polymorphisms for each single gene may not entirely
[1]
reveal a definite phenotype . Some studies have shown
that interactions among genes are more significant than
[3,4]
solitary genes in determining cancer susceptibility .
Numerous epidemiological studies have shown
that inherited polymorphisms involved in xenobiotic
[1,5]
metabolism and DNA repair are related to GC . These
genes are acknowledged as risk-modifier indicators,
especially those whose allelic polymorphisms are
accountable for the repair of oxidative stress induced
DNA damage and/or the impaired metabolism of
exogenous carcinogens. Excision repair cross comple
menting group 5 (ERCC5) is a critical element of the
nucleotide excision repair (NER) pathway, and the
ERCC5 gene is mapped to a region on chromosome
[6]
13q33 and comprises 15 exons . It encodes a structurespecific endonuclease that has multiple functions during
[7]
NER . Its main role is to identify and shear damage
[8]
to the DNA chain 3’ terminus . Its gene mutation
may lead to abnormal cell proliferation and differ
entiation and increased cancer susceptibility. SNPs
of ERCC5 linked with GC susceptibility have been
reported, including rs2094258, rs751402, rs2296147,
[6,9-15]
rs1047768, rs873601, rs2227869, and rs17655
.
We previously analyzed six SNPs of the ERCC5 gene in
2686 subjects from northern China and found that the
selected polymorphisms of the ERCC5 gene were not
significantly associated with atrophic gastritis (AG)/GC
[16]
risk . Glutathione S-transferase (GST) is an important
member of the phase Ⅱ metabolic enzymes, including
GSTM1, GSTT1, and glutathione S-transferase pi1
[17]
(GSTP1) , which can affect detoxification processes
[18]
and increase individual susceptibility to cancers . The
GSTP1 Ile105Val polymorphism produces the amino
acid replacement of Ile (105) with Val via the change of
A (Ile) to G (Val) in exon 5, which diminishes enzyme
[6]
catalytic activity and indirectly stimulates DNA repair
[7,8]
and protection of the cell genome . Our previous study
also identified SNP rs1695 in GSTP1, which appears
to drastically change the susceptibility of individuals to

INTRODUCTION

CONCLUSION
There is a multifarious interaction between the DNA
repair gene ERCC5 SNPs (rs2094258 and rs873601)
and the metabolic gene GSTP1 rs1695, which may form
the basis for various inter-individual susceptibilities to
AG.
Key words: Excision repair cross complementing group
5; Glutathione S-transferase pi 1; Atrophic gastritis;
Gastric cancer; Single nucleotide polymorphisms
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We detected seven excision repair cross
complementing group 5 (ERCC5 ) single nucleotide
polymorphisms (SNPs) and a glutathione S-transferase
pi1 (GSTP1 ) SNP using the Sequenom MassARRAY
platform in a Chinese population and used them to
investigate their interactions and their effects on
atrophic gastritis and gastric cancer risk. The results
showed a multifarious interaction between the DNA
repair gene ERCC5 SNPs (rs2094258 and rs873601)
and the metabolic gene GSTP1 rs1695. In addition, the
cumulative effect of one pairwise interaction (ERCC5
rs873601-GSTP1 rs1695) was associated with an
increased atrophic gastritis risk in the case of negative
H. pylori status when the modification effect of H. pylori
infection was evaluated.
Sang L, Lv Z, Sun LP, Xu Q, Yuan Y. Impact of SNP-SNP
interactions of DNA repair gene ERCC5 and metabolic gene
GSTP1 on gastric cancer/atrophic gastritis risk in a Chinese
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[9]

[10,11]

[9-11]

GC . This finding is consistent with previous studies
.
Although some studies have found that ERCC5
SNPs and GSTP1 polymorphisms were related to GC
risk, there are limited data on the effects of gene[12,13]
gene interactions, and some results are equivocal
.
Additionally, given the vital impact of environmental
factors on the susceptibility to GC and our previous
findings regarding gene interaction and environmental
[4,14,16]
factors
, we explored possible two-dimensional
gene interactions among inherited polymorphisms in
the DNA repair gene ERCC5 (rs1047768, rs2094258,
rs2228959, rs4150291, rs4150383, rs751402, and
rs873601) and the metabolic gene GSTP1 (rs1695),
as well as the three-dimensional interactions between
SNP-SNP and environmental factors in diverse stages
of gastric carcinogenesis to assess the possibility of
predicting GC risk and the identification of a combination
of biomarkers for precancerosis and GC.

and literature references
. Genomic DNA was isolated
from blood samples using a routine phenol-chloroform
method and then diluted to working concentrations (50
ng/μL) for genotyping. Samples were placed randomly in
384-well plates and blinded for disease status. Selected
SNP genotyping was performed using the Sequenom
MassARRAY platform (Sequenom, San Diego, CA, United
[16]
States) according to the manufacturer’s instructions .
The average genotyping rate was 99.3% and the results
of all duplicated samples were 100% consistent.

Assessment of Helicobacter pylori serology

Helicobacter pylori (H. pylori) immunoglobulin G levels
was tested using an enzyme-linked immunosorbent
assay (ELISA kit, Biohit, Helsinki, Finland) according to
[16]
the manufacturer’s instructions, as previously described .
H. pylori positivity was defined as a numerical reading
exceeding 34 enzyme immune units.

Statistical analysis

MATERIALS AND METHODS

Statistical analyses in the study were completed by
applying SPSS 17.0 software (SPSS Inc., Chicago,
2
IL, United States). We used the χ test to calculate
the differences in demographic characteristics and
genotypes between cases and controls. The two- or
three-dimensional interaction effects among SNP-SNP
with or without environmental factors were estimated
using multivariate logistic regression models. General
linear regression modeling was used to assess the
trends with an increasing number of mutation genotypes
in the cumulative effect. Associations were evaluated by
odds ratios (ORs) and 95% confidence intervals (CIs)
adjusted by sex, age, and H. pylori infection status
except for being stratified by H. pylori infection status.
Two-sided P-values < 0.05 were considered statistically
significant.

Study population

In all, 1705 subjects were included in the present study,
comprising 621 healthy controls, 634 cases of AG,
and 450 cases of GC. All registered individuals origin
ated from a Screening Program for Gastric Diseases
or hospitals in Zhuanghe and Shenyang of Liaoning
Province, China between 2002 and 2013, as previously
[16]
described . Metadata for every participant was
collected using a standardized questionnaire survey and
stored in a spreadsheet, including gender, age, history
of illness, status of smoking, and alcohol consumption.
Every participant signed a written informed consent
from, according to the Declaration of Helsinki and its
later revision. We collected peripheral venous blood
from all participants, and experienced endoscopists
simultaneously performed gastroscopic examination. All
subjects received histopathological diagnosis according
[15]
to the updated Sydney System
and the World
Health Organization criteria, independently, by two
gastrointestinal pathologists. This project was approved
by the Human Ethics Review Committee of China Medical
University (Shenyang, China).

SNP selection and genotyping assay

RESULTS
Demographic and geographic characteristics

The distribution characteristics of gender, age, and
H. pylori infection status of all participants are shown
in Table 1. No significant differences were found in
the gender or age distribution among the case and
control groups. The study subjects consisted of 634
AG patients, 450 GC patients, and two control groups,
including 620 and 535 for AG and GC cases, matched
by gender and age, respectively. Additionally, there
were significantly higher H. pylori infection rates (59.5%
and 49.6%, respectively) in the AG and GC groups
compared to the two matched control groups (27.1%
and 26.7%, respectively, P < 0.001).

[16]

Briefly, as described in our previous study , we
extracted ERCC5 genotype data from the HapMap
Chinese Han Beijing population (http://www.HapMap.
org). Tag SNPs were derived from pairwise linkage
2
disequilibrium information to maximally capture (r >
0.8) common or rare variants [minor allele frequency
(MAF) > 0.05] using Haploview 4.2 (http://www.
broadinstitute.org/mpg/haploview). FastSNP Search
was used to predict potential SNP function. Finally, a
total of seven ERCC5 SNPs (rs1047768, rs2094258,
rs2228959, rs4150291, rs4150383, rs751402, and
rs873601) were chosen in this study. In addition, GSTP1
rs1695 was selected according to our previous study
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Pairwise interactions between the ERCC5 SNPs and
GSTP1 rs1695 polymorphism

We primarily examined SNP-SNP two-dimensional
interaction effects in the main effect analysis using
a full-factor model. Two pairwise SNP combinations
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Table 1 Baseline characteristics of the subjects n (%)
AG vs CON

Variable

Gender
Male
Female
Age
mean ± SD
Median
Range
H. pylori infection status
Positive
Negative

GC vs CON

CON

AG

CON

GC

n = 620

n = 634

n = 535

n = 450

358 (56.5)
276 (43.5)

363 (67.9)
172 (32.1)

54.8 ± 9.0
55
16-82

55.6 ± 9.2
56
17-85

377 (59.5)
257 (40.5)

143 (26.7)
392 (73.3)

P = 0.492
362 (58.4)
258 (41.6)

P = 0.588

P = 0.845
54.7 ± 9.1
54
17-85

P = 0.235

P < 0.001
168 (27.1)
452 (72.9)

298 (66.2)
152 (33.8)
56.3 ± 10.1
57
26-84
P < 0.001
223 (49.6)
227 (50.4)

AG: Atrophic gastritis; GC: Gastric cancer; CON: Controls.

were found that could affect AG risk, but no pairwise
combination was found in relation to GC risk. The results
indicated that the ERCC5 rs2094258 and rs873601
polymorphisms with GSTP1 rs1695 polymorphism could
engender interaction effects for AG risk (Pinteraction = 0.008
and 0.043 respectively, Table 2). The ERCC5 rs2094258GSTP1 rs1695 SNP pair demonstrated an antagonistic
effect, while ERCC5 rs873601-GSTP1 rs1695 showed
a synergistic effect on AG risk (OR = 0.51 and1.79,
respectively, Table 2). No significant differences were
observed among other SNP-SNP interactions (P > 0.05).

and OR = 0.73, 95%CI: 0.53-1.02, respectively).

Three-dimensional analysis of the effect of interactions
of ERCC5 SNPs-GSTP1 rs1695-environmental factors on
AG risk
To explore the influence of environmental factors on
the interaction, we further explored probable threedimensional interactions among ERCC5 SNPs (rs2094258
and rs873601), GSTP1 rs1695, and environmental factors
(smoking, alcohol consumption, and H. pylori infection
status). We found no significant three-dimensional
interactions with regard to AG risk (P > 0.05, Supple
mentary Table 1).

Epistatic effect of two-way interactions

We further investigated epistatic effects between pairs
of ERCC5 rs2094258 and rs873601 polymorphisms
with GSTP1 rs1695. For ERCC5 rs2094258 and GSTP1
rs1695, the AG/AA genotypes of rs2094258 and AA
genotype of rs1695 were related to an increased risk of
AG, but GA/GG genotypes of rs1695 were associated
with a reduced risk of AG (OR = 1.523 and 0.678,
respectively). For ERCC5 rs873601 and GSTP1 rs1695,
AA genotype of rs873601 resulted in a reduced risk
of AG, only in the presence of AA genotype of rs1695
(OR = 0.678) (Table 3). These findings illustrated that
ERCC5 rs2094258 and rs873601, individually, had no
main effect but did display epistatic interactions with
GSTP1 rs1695.

DISCUSSION
GC is an outcome of the interaction between multiple
genes and environmental factors and is considered a
multistep and multifactor process involving different
[19,20]
carcinogen metabolic and DNA repair pathways
.
Currently, researchers are concentrating more on
the gene-gene interaction effect rather than a singlegene effect. In this study, we examined the possible
interaction effect of DNA repair gene ERCC5 SNPs and
the metabolic detoxification gene GSTP1 polymorphism.
We first found new two-pair SNP interactions among
ERCC5 SNPs and the GSTP1 polymorphism (ERCC5
rs2094258-GSTP1 rs1695 and ERCC5 rs873601-GSTP1
rs1695), which could alter the susceptibility to AG
compared to host genetic effects alone. Moreover, the
cumulative effect resulting from two-way interaction of
ERCC5 rs873601-GSTP1 rs1695 was shown to differ
in a stratified analysis of H. pylori infection status.
The change from no cumulative effect to significant
difference in AG risk in the case of negative H. pylori
status indicated that H. pylori infection status could
modify the cumulative effect mentioned above for the
interacting SNPs. Genetic polymorphisms may explain
partial individual deviations in disease risk, but a more
multifarious condition involving numerous gene-gene
interactions and gene-environment characteristics must

Cumulative effect of the interacting factors of ERCC5
SNPs-GSTP1 rs1695

We also investigated the cumulative effect among the
interacting SNPs of ERCC5 rs2094258 and rs873601
with GSTP1 rs1695, but neither had a statistically
significant relationship to AG risk (P > 0.05, Table 4).
We further analyzed the cumulative effect of interacting
SNPs modified by H. pylori. The ERCC5 rs873601GSTP1 rs1695 SNP pair had significant differences in
AG risk among the subgroups with negative H. pylori
infection status (Ptrend = 0.043). Moreover, AG risk
was significantly reduced while one or two mutation
genotypes were present (OR = 0.66, 95%CI: 0.37-1.16,
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Table 2 Impact of two-way interactions between ERCC5 polymorphisms and GSTP1 rs1695 on risk of atrophic gastritis and gastric
1
cancer
Gene

Genotype

AG vs CON
(n = 634 vs 620 )
ERCC5 rs1047768

TT
TC + CC

TT + TC
CC

ERCC5 rs2094258

GG
GA + AA

GG + GA
AA

ERCC5 rs2228959

CC
CA + AA

CC + CA
AA

ERCC5 rs4150291

AA
AT + TT

AA + AT
TT

ERCC5 rs4150383

GG
GA + AA

GG + GA
AA

ERCC5 rs751402

CC

Number of participants

No. of cases/controls
OR (95%CI)
No. of cases/controls
OR (95%CI)

No. of cases/controls
OR (95%CI)
No. of cases/controls
OR (95%CI)

No. of cases/controls
OR (95%CI)
No. of cases/controls
OR (95%CI)

No. of cases/controls
OR (95%CI)
No. of cases/controls
OR (95%CI)

No. of cases/controls
OR (95%CI)
No. of cases/controls
OR (95%CI)

No. of cases/controls
OR (95%CI)
No. of cases/controls
OR (95%CI)

No. of cases/controls
OR (95%CI)
No. of cases/controls
OR (95%CI)

No. of cases/controls
OR (95%CI)
No. of cases/controls
OR (95%CI)

No. of cases/controls
OR (95%CI)
No. of cases/controls
OR (95%CI)

No. of cases/controls
OR (95%CI)
No. of cases/controls
OR (95%CI)

No. of cases/controls
OR (95%CI)
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GSTP1 rs1695
AA

GA + GG

AA + GA

GG

231/200
1 (Ref.)
177/188
0.82 (0.62-1.08)
Pinteraction = 0.317
Interaction index = 0.88
376/345
1 (Ref.)
32/43
0.68 (0.42-1.10)
Pinteraction = 0.296
Interaction index = 0.88
132/162
1 (Ref.)
276/226
1.50 (1.12-2.00)
Pinteraction = 0.008
Interaction index = 0.51
337/328
1 (Ref.)
71/60
1.15 (0.79-1.68)
Pinteraction = 0.594
Interaction index = 0.83
371/346
1 (Ref.)
37/42
0.82 (0.52-1.31)
Pinteraction = 0.103
Interaction index = 2.00
408/383
1 (Ref.)
0/5
NA
Pinteraction = NA
Interaction index = NA
347/332
1 (Ref.)
61/56
1.04 (0.70-1.54)
Pinteraction = 0.667
Interaction index = 1.17
406/382
1 (Ref.)
2/6
0.31 (0.06-1.56)
Pinteraction = NA
Interaction index = NA
365/344
1 (Ref.)
43/44
0.92 (0.59-1.44)
Pinteraction = 0.720
Interaction index = 1.15
406/387
1 (Ref.)
2/1
1.91 (0.17-21.11)
Pinteraction = NA
interaction index = NA
191/173
1 (Ref.)

124/116
0.93 (0.68-1.27)
102/116
0.76 (0.55-1.06)

338/307
1 (Ref.)
270/289
0.85 (0.68-1.07)
Pinteraction = 0.683
Interaction index = 1.13
559/538
1 (Ref.)
49/58
0.81 (0.55-1.21)
Pinteraction = 0.531
Interaction index = 0.88
214/234
1 (Ref.)
394/362
1.19 (0.94-1.50)
Pinteraction = 0.842
Interaction index = 1.13
508/510
1 (Ref.)
100/86
1.17 (0.85-1.60)
Pinteraction = 0.620
Interaction index = 0.58
548/539
1 (Ref.)
60/57
1.04 (0.71-1.52)
Pinteraction = 0.435
Interaction index = 2.11
606/590
1 (Ref.)
2/6
0.32 (0.07-1.61)
Pinteraction = 0.720
Interaction index = 1.12
517/516
1 (Ref.)
91/80
1.14 (0.82-1.57)
Pinteraction = 0.679
Interaction index = 0.68
605/590
1 (Ref.)
3/6
0.49 (0.12-1.96)
Pinteraction = 0.703
Interaction index = 1.12
539/526
1 (Ref.)
69/70
0.96 (0.68-1.37)
Pinteraction = 0.894
Interaction index = 1.12
606/594
1 (Ref.)
2/2
0.98 (0.14-6.98)
Pinteraction = 0.695
interaction index = 1.13
281/266
1 (Ref.)

17/9
1.72 (0.75-3.91)
9/15
0.55 (0.24-1.26)

606

207/214
0.89 (0.70-1.13)
19/18
0.97 (0.50-1.87)

93/84
1.36 (0.94-1.98)
133/148
1.10 (0.79-1.53)

195/204
0.93 (0.73-1.19)
31/28
1.08 (0.63-1.84)

198/215
0.86 (0.67-1.09)
28/17
1.54 (0.83-2.86)

224/231
0.91 (0.72-1.15)
2/1
1.88 (0.17-20.79)

193/205
0.90 (0.70-1.15)
33/27
1.17 (0.69-1.99)

225/232
0.91 (0.73-1.15)
1/0
NA

197/202
0.92 (0.72-1.18)
29/30
0.91 (0.54-1.55)

226/231
0.93 (0.74-1.17)
0/1
NA

97/104
0.85 (0.60-1.19)

24/21
1.10 (0.61-2.00)
2/3
0.64 (0.11-3.86)

11/12
1.00 (0.43-2.32)
15/12
1.37 (0.63-2.99)

24/22
1.10 (0.61-1.98)
2/2
1.00 (0.14-7.15)

21/22
0.94 (0.51-1.73)
5/2
2.46 (0.48-12.73)

26/24
1.06 (0.60-1.86)
0/0
NA

23/21
1.09 (0.60-2.00)
3/3
1.00 (0.20-4.97)

26/24
1.06 (0.60-1.86)
0/0
NA

23/20
1.12 (0.61-2.07)
3/4
0.73 (0.16-3.29)

26/24
1.06 (0.60-1.87)
0/0
NA

7/11
0.60 (0.23-1.58)
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CT + TT

No. of cases/ controls
OR (95%CI)

CC + CT

No. of cases/ controls
OR (95%CI)
No. of cases/ controls
OR (95%CI)

TT

ERCC5 rs873601

GG
GA + AA

GG + GA
AA

GC vs CON
(n = 450 vs 535 )
ERCC5 rs1047768

TT
TC + CC

TT + TC
CC

ERCC5 rs2094258

GG
GA + AA

GG + GA
AA

ERCC5 rs2228959

CC
CA + AA

CC + CA
AA

ERCC5 rs4150291

AA
AT + TT

AA + AT
TT

No. of cases/ controls
OR (95%CI)
No. of cases/ controls
OR (95%CI)

No. of cases/ controls
OR (95%CI)
No. of cases/ controls
OR (95%CI)

No. of cases/ controls
OR (95%CI)
No. of cases/ controls
OR (95%CI)

No. of cases/ controls
OR (95%CI)
No. of cases/ controls
OR (95%CI)

No. of cases/ controls
OR (95%CI)
No. of cases/ controls
OR (95%CI)

No. of cases/ controls
OR (95%CI)
No. of cases/ controls
OR (95%CI)

No. of cases/ controls
OR (95%CI)
No. of cases/ controls
OR (95%CI)

No. of cases/ controls
OR (95%CI)
No. of cases/ controls
OR (95%CI)

No. of cases/ controls
OR (95%CI)
No. of cases/ controls
OR (95%CI)

No. of cases/ controls
OR (95%CI)
No. of cases/ controls
OR (95%CI)
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203/198
0.93 (0.70-1.23)
Pinteraction = 0.196
Interaction index = 1.39
355/324
1 (Ref.)
39/47
0.76 (0.48-1.19)
Pinteraction = 0.488
Interaction index = 1.31
126/109
1 (Ref.)
282/279
0.87 (0.64-1.19)
Pinteraction = 0.197
Interaction index = 1.44
321/279
1 (Ref.)
87/109
0.69 (0.50-0.96)
Pinteraction = 0.043
Interaction index = 1.79

124/118
0.95 (0.69-1.32)

142/162
1 (Ref.)
128/164
0.89 (0.65-1.23)
Pinteraction = 0.101
interaction index = 1.56
247/292
1 (Ref.)
23/24
0.80 (0.46-1.39)
Pinteraction = 0.115
Interaction index = 2.07
110/131
1 (Ref.)
160/195
0.98 (0.70-1.36)
Pinteraction = 0.923
Interaction index = 0.97
226/275
1 (Ref.)
44/51
1.05 (0.68-1.63)
Pinteraction = 0.801
Interaction index = 0.90
247/295
1 (Ref.)
23/31
0.89 (0.50-1.56)
Pinteraction = 0.491
Interaction index = 1.40
268/322
1 (Ref.)
2/4
0.60 (0.11-3.31)
Pinteraction = NA
Interaction index = NA
222/276
1 (Ref.)
48/50
1.19 (0.77-1.84)
Pinteraction = 0.385
Interaction index = 1.37
267/321
1 (Ref.)
3/5
0.72 (0.17-3.05)

78/105
0.85 (0.59-1.23)
102/104
1.12 (0.79-1.59)

607

193/196
0.90 (0.70-1.15)
28/26
0.98 (0.56-1.71)

57/59
0.84 (0.54-1.30)
169/173
0.85 (0.61-1.18)

167/177
0.82 (0.63-1.07)
59/55
0.93 (0.62-1.39)

158/193
0.97 (0.74-1.27)
22/16
1.63 (0.84-3.16)

66/77
1.02 (0.67-1.55)
114/132
1.03 (0.72-1.47)

158/185
1.04 (0.79-1.37)
22/24
1.12 (0.61-2.04)

164/194
1.01 (0.77-1.32)
16/15
1.27 (0.62-2.63)

180/208
1.04 (0.80-1.35)
0/1
NA

143/182
0.98 (0.74-1.29)
37/27
1.70 (1.01-2.89)

177/209
1.02 (0.79-1.32)
3/0
NA

308/303
0.96 (0.76-1.21)
Pinteraction = 0.109
Interaction index = 2.84
526/500
1 (Ref.)
63/69
0.87 (0.60-1.25)
Pinteraction = 0.886
Interaction index = 1.13
178/165
1 (Ref.)
430/431
0.93 (0.72-1.19)
Pinteraction = 0.770
Interaction index = 0.78
473/441
1 (Ref.)
135/155
0.81 (0.62-1.06)
Pinteraction = 0.488
Interaction index = 1.55

19/13
1.38 (0.67-2.86)

204/259
1 (Ref.)
211/255
1.05 (0.81-1.36)
Pinteraction = 0.594
interaction index = 0.73
374/467
1 (Ref.)
41/47
1.09 (0.70-1.69)
Pinteraction = 0.640
Interaction index = 0.66
165/197
1 (Ref.)
250/317
0.94 (0.72-1.23)
Pinteraction = 0.134
Interaction index = 2.47
352/441
1 (Ref.)
63/73
1.08 (0.75-1.56)
Pinteraction = 0.834
Interaction index = 0.81
380/470
1 (Ref.)
35/44
0.98 (0.62-1.57)
Pinteraction = 0.813
Interaction index = 1.26
413/509
1 (Ref.)
2/5
0.49 (0.10-2.55)
Pinteraction = NA
Interaction index = NA
338/440
1 (Ref.)
77/74
1.36 (0.96-1.92)
Pinteraction = 0.818
Interaction index = 1.20
410/509
1 (Ref.)
5/5
1.24 (0.36-4.32)

16/8
2.54 (1.07-6.05)
19/13
1.86 (0.89-3.85)

22/20
1.05 (0.56-1.94)
4/4
0.95 (0.24-3.81)

5/3
1.55 (0.36-6.57)
21/21
0.93 (0.49-1.76)

15/15
0.93 (0.45-1.93)
11/9
1.14 (0.47-2.78)

31/18
2.15 (1.18-3.91)
4/3
1.67 (0.37-7.49)

11/11
1.19 (0.51-2.82)
24/10
2.87 (1.33-6.17)

32/19
2.11 (1.18-3.79)
3/2
1.88 (0.31-11.31)

31/19
2.02 (1.12-3.63)
4/2
2.47 (0.45-13.58)

35/21
2.05 (1.18-3.58)
0/0
NA

27/18
1.95 (1.06-3.61)
8/3
3.47 (0.91-13.18)

34/21
2.01 (1.15-3.52)
1/0
NA
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ERCC5 rs4150383

GG
GA + AA

GG + GA
AA

ERCC5 rs751402

CC
CT + TT

CC + CT
TT

ERCC5 rs873601

GG
GA + AA

GG + GA
AA

No. of cases/ controls
OR (95%CI)
No. of cases/ controls
OR (95%CI)

No. of cases/ controls
OR (95%CI)
No. of cases/ controls
OR (95%CI)

No. of cases/ controls
OR (95%CI)
No. of cases/ controls
OR (95%CI)

No. of cases/ controls
OR (95%CI)
No. of cases/ controls
OR (95%CI)

No. of cases/ controls
OR (95%CI)
No. of cases/ controls
OR (95%CI)

No. of cases/ controls
OR (95%CI)
No. of cases/ controls
OR (95%CI)

Pinteraction = NA
Interaction index = NA
237/288
1 (Ref.)
33/38
1.06 (0.64-1.74)
Pinteraction = 0.060
Interaction index = 0.43
270/325
1 (Ref.)
0/1
NA
Pinteraction = NA
Interaction index = 0.90
114/149
1 (Ref.)
142/161
1.15 (0.83-1.61)
Pinteraction = 0.453
Interaction index = 0.81
225/275
1 (Ref.)
31/35
1.08 (0.65-1.81)
Pinteraction = 0.409
Interaction index = 0.69
79/91
1 (Ref.)
191/235
0.94 (0.66-1.34)
Pinteraction = 0.901
Interaction index = 0.96
205/232
1 (Ref.)
65/94
0.78 (0.54-1.13)
Pinteraction = 0.477
Interaction index = 1.25

168/180
1.13 (0.86-1.49)
12/29
0.50 (0.25-1.01)

180/208
1.04 (0.81-1.35)
0/1
NA

82/90
1.19 (0.81-1.75)
89/109
1.07 (0.74-1.55)

156/174
1.10 (0.83-1.45)
15/25
0.73 (0.38-1.42)

55/53
1.20 (0.74-1.94)
125/156
0.92 (0.63-1.35)

139/156
1.01 (0.75-1.36)
41/35
0.88 (0.56-1.37)

Pinteraction = NA
Interaction index = NA
373/451
1 (Ref.)
42/63
0.81 (0.53-1.22)
Pinteraction = 0.497
Interaction index = 0.55
415/512
1 (Ref.)
0/2
NA
Pinteraction = NA
Interaction index = NA
180/229
1 (Ref.)
212/259
1.04 (0.80-1.36)
Pinteraction = 0.945
Interaction index = 0.96
348/432
1 (Ref.)
44/56
0.98 (0.64-1.48)
Pinteraction = 0.241
Interaction index = 0.32
122/141
1 (Ref.)
293/373
0.91 (0.68-1.21)
Pinteraction = 0.217
Interaction index = 0.40
317/375
1 (Ref.)
98/139
0.83(0.62-1.12)
Pinteraction = 0.384
Interaction index = 0.57

32/17
2.28 (1.24-4.16)
3/4
0.91 (0.20-4.08)

35/21
2.06 (1.18-3.59)
0/0
NA

16/10
2.04 (0.90-4.59)
19/11
2.20(1.02-4.74)

33/17
2.41 (1.32-4.40)
2/4
0.62 (0.11-3.41)

12/3
4.62 (1.28-16.76)
23/18
1.48 (0.76-2.87)

27/13
2.46 (1.25-4.84)
8/8
1.18 (0.44-3.18)

1

P for interaction, logistic regression adjusted for gender, age, and H. pylori infection status; Statistically significant associations were highlighted in bold (P
< 0.05). CON: Controls; AG: Atrophic gastritis; GC: Gastric cancer; NA: Not available; GSTP1: Glutathione S-transferase pi 1; ERCC5: Excision repair cross
complementing group 5.

be mentioned.
A combination of SNPs would produce synergistic
or antagonistic effects compared to an SNP, which
[21,22]
could change the susceptibility to disease
. Individu
ally, two ERCC5 SNPs (rs2094258 and rs873601;
unpublished data) showed no effect on either AG or
GC risk (P > 0.05). However, our findings revealed
a main effect on AG risk while these polymorphisms
interacted with GSTP1 rs1695 (Pinteraction = 0.008 and
0.043, respectively). The pairwise ERCC5 rs2094258GSTP1 rs1695 and ERCC5 rs873601-GSTP1 rs1695
combinations had an OR of 0.51 and 1.79, respectively,
for AG risk in the above two-way interaction analysis. In
all, this evidence suggests that polymorphisms harbored
in ERCC5 (rs2094258 and rs873601) had a synergistic
or antagonistic effect with GSTP1 rs1695, which could
alter the risk of an individual towards AG. According
to the potential mechanism of SNP-SNP interactions,
the ERCC5 gene, as an NER pathway gene, may be
responsible for repairing DNA damage from biological
and environmental mutagens or regular cellular meta
bolism. In addition, GSTP1 as an important phase Ⅱ
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metabolizing xenobiotic enzyme might promote DNA
damage repair through an exogenous metabolic deto
xification pathway. When exogenous or endogenous
carcinogens cause damage to DNA, the metabolic gene
GSTP1 removes some harmful substances through the
detoxification effect and then promotes DNA damage
repair to protect against carcinogenic progression. The
DNA repair gene ERCC5 can identify and incise a DNA
wound on the 3’ terminus to ensure reliable repair of
[23]
DNA damage . The interaction polymorphisms can
produce a superposition or counteracting effect. This
may partly explain the epigenetic heritability loss of
precancerosis risk and suggests novel insight into the
multifactorial etiology of AG risk with regard to DNA
repair gene ERCC5 and xenobiotic metabolic gene
GSTP1 pathways. However, further independent studies
of the molecular mechanism of SNP-SNP interactions
must be performed in the future.
The SNP-SNP interaction effect of the two genes
was observed as epistasis in the absence of a significant
[24]
main effect . The epistasis was more pronounced than
one sole susceptibility gene in terms of main effects,
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Table 3 Epistatic effect of pair-wise interacting factors on the risk of atrophic gastritis and gastric cancer
Interacted pair-wise SNPs

Comparison

AG vs CON

Subset

ERCC5 rs2094258 interacted ERCC5 rs2094258 GG vs AG + AA
with GSTP1 rs1695
GSTP1 rs1695 AA vs GA + GG

GSTP1 rs1695 AA
GSTP1 rs1695 GA + GG
ERCC5 rs2094258 GG
ERCC5 rs2094258 AG + AA
ERCC5 rs873601 interacted ERCC5 rs873601 GA + GG vs AA
GSTP1 rs1695 AA
GSTP1 rs1695 GA + GG
with GSTP1 rs1695
GSTP1 rs1695 AA vs GA + GG
ERCC5 rs873601 GA + GG
ERCC5 rs873601 AA

GC vs CON

P value

OR (95%CI)

P value

OR (95%CI)

0.006
0.205
0.148
0.014
0.025
0.380
0.054
0.226

1.523 (1.125-2.062)
0.766 (0.508-1.157)
1.343 (0.901-2.002)
0.678 (0.497-0.926)
0.678 (0.483-0.952)
1.230 (0.775-1.951)
0.758 (0.571-1.005)
1.356 (0.828-2.222)

0.948
0.820
0.808
0.799
0.148
0.872
0.955
0.542

0.989 (0.704-1.388)
0.951 (0.619-1.462)
1.055 (0.685-1.625)
1.045 (0.745-1.465)
0.756 (0.517-1.105)
0.961 (0.592-1.560)
0.991 (0.730-1.346)
1.183 (0.690-2.027)

All tests were adjusted by age, sex, and H. pylori infection. Statistically significant associations were highlighted in bold (P < 0.05). GC: Gastric cancer; AG:
Atrophic gastritis; CON: Controls; ERCC5: Excision repair cross complementing group 5; GSTP1: Glutathione S-transferase pi 1.

[4]

which embody the effect of multipart interaction .
Multiple studies have revealed a relationship between
[25,26]
epistasis and cancer risk
. Our previous findings
also indicated epistasis by combining individual SNPs,
[4,14]
which had no effect on disease risk at a single locus
.
In the present study, for ERCC5 rs2094258 and GSTP1
rs1695, the AG/AA genotype of rs2094258 and AA
genotype of rs1695 were related to an increased risk of
AG, but GA/GG genotypes of rs1695a were associated
with a reduced risk of AG. For ERCC5 rs873601 and
GSTP1 rs1695, AA genotype of rs873601 resulted
in a reduced risk of AG, only in the presence of AA
genotype of rs1695. Thus, there is still little direct
evidence to reveal a specific functional association
among the polymorphisms of ERCC5 and GSTP1. In
light of previous research findings, we hypothesized
an interaction effect between the DNA repair gene and
xenobiotic metabolism gene by various signal pathways,
and our discoveries regarding the interactions of the
DNA repair ERCC5 gene and xenobiotic metabolism
GSTP1 gene pathways may reveal the above assu
mption. Further synthetic and functional research on
these two gene pathways will be performed to assess
the interaction effect of susceptibility genes that directly
affect gastric carcinogenesis.
Gastric carcinogenesis is also affected by envir
onmental factors, in addition to genetic factors. H. pylori
is considered a class Ⅰ carcinogen by the World Health
Organization and displays carcinogenic effects mediated
[27,28]
by poisonous components
. Our previous studies
have shown that the GSTP1 Val/Val genotype with
smoking, alcohol consumption, or H. pylori IgG (+)
could considerably increase AG and GC risk, and the
NER SNPs (XPA rs2808668, DDB2 rs326222, rs3781619,
rs830083, and XPC rs2607775) had interactive effects
with alcohol consumption and smoking on AG or GC
risk. In the present study, the cumulative effect was
observed to be changed in subgroups with negative
H. pylori infection status, which could imply an effect
modification by H. pylori infection. Moreover, AG risk
was significantly reduced, while one or two mutation
genotypes were present (OR = 0.66 and 0.73,
respectively). This suggested that H. pylori should be
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eliminated first for positive patients, which may be
beneficial for reducing susceptibility to AG. However,
we further analyzed the effect of three-dimensional
interactions of the ERCC5 SNPs (rs2094258 and
rs873601)-GSTP1 rs1695-environmental factors on
the risk of AG, but no interaction effect was observed
among them in terms of AG risk. This may be because
our present sample size was relatively small, and
some genotypes were scarce. In addition, there was a
significant difference in H. pylori infection rates between
the case groups and two matched control groups (P
< 0.001). Although we performed all tests with an
adjustment for H. pylori infection status except for those
stratified by H. pylori, it still may be a limitation of the
study. Nevertheless, it suggested that environmental
factors were indispensable, although they cannot cause
cancer or precancerosis alone. Genetic susceptibility
may play a vital role in gastric carcinogenesis. Further
large-sample and comprehensive study of the function
of environmental factors in SNP-SNP interactions of
ERCC5 and GSTP1 is necessary and may partially
remedy probable false-negative results in the study.
The present study has several limitations. First,
even if our study included a relatively large sample,
prospective studies consisting of larger-scale sample
and multicenter surveys are necessary to validate the
results of SNP-SNP interaction effects shown here.
Second, since we only included one metabolic gene
polymorphism (GSTP1 rs1695) of the GSTs in this study,
further studies should involve other functional tagSNPs,
such as GSTM1 and/or GSTT1, which should participate
in SNP-SNP interactions between the DNA repair gene
and xenobiotic metabolism gene pathways. In addition,
the functions and mechanisms of the mentioned SNPs
of the ERCC5 gene and GSTP1 gene pathways were not
investigated and will require additional functional and
molecular experiments to clarify.
In conclusion, we found for the first time that two
pairwise interacting DNA repair gene ERCC5 SNPs
(rs2094258 and rs873601) and metabolic gene GSTP1
rs1695 polymorphism combinations were related to
increased or reduced AG risk. Moreover, the results
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321/279
254/286
59/55

ERCC5 rs873601-GSTP1 rs1695on AG risk
0
1
2
Ptrend = 0.156

0.013
0.670

1 (Ref.)
0.73 (0.57-0.94)
0.911
(0.60-1.40)

1 (Ref.)
0.008
1.48 (1.11-1.98)
0.782
1.05 (0.74-1.49)
Ptrend = 0.528

OR (95%CI)

138/206
99/201
20/45

57/115
216/79
47/106

Ptrend = 0.043

0.061
0.150

0.125
0.655
Ptrend = 0.720

H. pylori -negative subpopulation
P 2 value

Cases/controls

1 (Ref.)
0.73 (0.53-1.02)
0.66 (0.37-1.16)

1 (Ref.)
1.35 (0.92-1.97)
0.90 (0.56-1.44)

OR (95%CI)

183/73
155/85
39/10

75/47
216/79
86/42

Ptrend = 0.907

0.090
0.241

1 (Ref.)
0.72 (0.49-1.05)
1.57 (0.74-3.31)

1 (Ref.)
0.017
1.72 (1.10-2.69)
0.363
1.270.76-2.14)
Ptrend = 0.349

H. pylori -positive subpopulation
P 2 value
OR (95%CI)

Cases/controls
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Two pairwise combinations (ERCC5 rs2094258 and rs873601 with GSTP1 rs1695) influenced AG risk, and the ERCC5 rs2094258-GSTP1 rs1695 SNP pair demonstrated an antagonistic effect while ERCC5 rs873601-GSTP1 rs1695 shown a
synergistic effect on AG risk. When the effect modification of Helicobacter pylori (H. pylori) infection was evaluated, the cumulative effect of one aforementioned pairs-way interaction (ERCC5 rs873601-GSTP1 rs1695) showed a risk in the case

Research results

Seven ERCC5 SNPs (rs1047768, rs2094258, rs2228959, rs4150291, rs4150383, rs751402, and rs873601) and GSTP1 rs1695 SNP were detected using the Sequenom MassARRAY platform in 450 GC patients, 634 AG cases, and 621 healthy
control subjects in a Chinese population.

Research methods

The objective was to investigate the impact of interactions of the DNA repair gene ERCC5 with metabolic gene GSTP1 on atrophic gastritis (AG) and GC risk.

Research objectives

We aimed to assess gene interactions amongst inherited polymorphisms between DNA repair gene excision repair cross complementing group 5 (ERCC5) SNPs and glutathione S-transferase pi1 (GSTP1) rs1695 to explore their possibility of
predicting gastric cancer (GC) risk and identify combination biomarkers for precancerosis and GC.

Research motivation

Previous studies suggested that the interactions between various inherited susceptibility genes may affect carcinogenesis in individuals. Single nucleotide polymorphisms (SNPs) are widely applied to the research of tumor incidence and
prognostic evaluation.

Research background

ARTICLE HIGHLIGHTS
ARTICLE
HIGHLIGHTS

also demonstrated a significant difference in the cumulative effect in the H. pylori-negative subgroup on AG risk. The conclusions inferred from the present study about the
effect of interactions between genetic polymorphisms may be conductive to proposing further studies to discover gene-gene interactions between DNA repair genes with
xenobiotic metabolic gene pathways in gastric carcinogenesis.

Adjusted by sex, age, and H. pylori infection; 2Adjusted by sex and age. Statistically significant associations were highlighted in bold (P < 0.05). CON: Controls; AG: Atrophic gastritis; ERCC5: Excision repair cross complementing
group 5; GSTP1: Glutathione S-transferase pi 1.

1

132/162
369/310
133/148

P 1 value

Total population

Cases/controls

ERCC5 rs2094258-GSTP1 rs1695 on AG risk
0
1
2

No. of interacting genotypes

Table 4 Cumulative effect of the interacting factors of ERCC5 SNPs-GSTP1 rs1696 on atrophic gastritis risk

Sang L et al . Interactions of ERCC5 with GSTP1
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of negative status of H. pylori infection.
12

Research conclusions

DNA repair gene ERCC5 SNPs (rs2094258 and rs873601) and metabolic
gene GSTP1 rs1695 polymorphism combinations were related to an increased
or reduced AG risk. Moreover, the results also demonstrated a significant
difference in the cumulative effect on AG risk in the H. pylori-negative subgroup.

13

Research perspectives

The interaction effects between genetic polymorphisms may be conductive
to proposing further studies to discover gene-gene interactions between DNA
repair genes and xenobiotic metabolic genes in gastric carcinogenesis.

14
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AIM
To assess the incidence of hepatocellular carcinoma
(HCC) in chronic liver disease due to hepatitis B virus
(HBV) or hepatitis C virus (HCV) coinfected with human
immunodeficiency virus (HIV).

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,

METHODS
A retrospective cohort study was performed, including
patients with chronic liver disease due to HBV or
HCV, with and without HIV coinfection. Patients were
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selected in the largest tertiary public hospital complex
in southern Brazil between January 2007 and June
2014. We assessed demographic and clinical data,
including lifestyle habits such as illicit drug use or
alcohol abuse, in addition to frequency and reasons for
hospital admissions via medical records review.

with high costs for healthcare systems and causing
a decrease in quality of life, representing the eighth
[1]
cause of death in Brazil . Among liver diseases, primary
liver cancer receives particular attention for being the
sixth most common malignant neoplasm worldwide and
[2]
the second most common cause of death by cancer .
Hepatocellular carcinoma (HCC) is the most frequent
[2-4]
neoplasm, and is responsible for 70%-90% of cases .
The American Cancer Society estimated 39200 new
diagnoses for 2016, with 27170 deaths, affecting mostly
[5]
men .
In general, 80%-90% of HCC cases are related
[2,3,6-10]
to cirrhosis, regardless of etiology
. However,
there is an important geographic variation with regard
to HCC etiology. In endemic areas for the hepatitis B
virus (HBV), such as in parts of Africa and Asia, HBV
[8,10,11]
is the most common cause
. In the United States
and in many countries of Europe, the main etiological
[12-17]
factor is the hepatitis C virus (HCV)
.
In Brazil, some authors found chronic HCV infection
followed by alcohol liver disease as the most frequent
[18,19]
causes of HCC
. Similar findings can be seen in a
[20]
study conducted in Latin America .
The increase in HCC incidence in the past decade,
along with the tendency that this increase will continue,
is closely related to time of exposure to HBV and
[11]
HCV . Thus, the role of coinfection with the human
immunodeficiency virus (HIV) has gained prominence,
since the introduction of highly active retroviral thera
pies (HAART) against HIV has presented significant
[21-35]
improvements in patient survival
. In this scenario,
liver disease has become one of the main causes of
hospitalization and death in HIV-positive patients, with
HCC as a prominent factor. This phenomena is closely
related to an increase in alcohol consumption and with
the high prevalence of HBV and HCV in this population,
[34,36-40]
which share similar transmission routes with HIV
.
Current data suggests an unfavorable evolution
both in the natural history of liver disease and in
the outcome after hepatitis treatment in coinfected
[41,42]
patients
, suggesting that the incidence of cirrhosis
[34]
and HCC is significantly higher in this population .
On the other hand, some authors found conflicting
data. Recently, a study with 148 cirrhotic patients due
to HCV, coinfected or not with HIV and monitored for
an average period of 43 mo showed no significant
difference in HCC incidence between HIV-positive and
[43]
HIV-negative patients .
Thus, we believe it is extremely important to have
data clarifying the profile of this association in our envi
ronment. Therefore, the main objective of this study is
to assess the incidence of HCC in patients with chronic
liver disease due to HBV or HCV and coinfected with HIV.

RESULTS
Of 804 patients were included (399 with HIV coin
fection and 405 monoinfected with HBV or HCV).
Coinfected patients were younger (36.7 ± 10 vs 46.3 ±
12.5, p < 0.001). Liver cirrhosis was observed in 31.3%
of HIV-negative patients and in 16.5% of coinfected
(p < 0.001). HCC was diagnosed in 36 patients (10
HIV coinfected and 26 monoinfected). The incidence
density of HCC in coinfected and monoinfected patients
was 0.25 and 0.72 cases per 100 patient-years (95%CI:
0.12-0.46 vs 0.47-1.05) (long-rank p = 0.002),
respectively. The ratio for the HCC incidence rate was
2.98 for HIV-negative. However, when adjusting for age
or when only cirrhotic are analyzed, the absence of HIV
lost statistical significance for the development of HCC.
CONCLUSION
In this study, the presence of HIV coinfection in chronic
liver disease due to HBV or HCV showed no relation to
the increase of HCC incidence.
Key words: Hepatocellular carcinoma; Chronic hepatitis;
human immunodeficiency virus; Coinfection; Cirrhosis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We conducted a retrospective cohort study
with 804 patients with chronic viral hepatitis B or C,
with and without human immunodeficiency virus (HIV)
coinfection (399 HIV-coinfected and 405 monoinfected
with HBV or HCV). The main objective was to assess
the incidence of hepatocellular carcinoma in HIVcoinfected patients. hepatocellular carcinoma (HCC)
was observed in 36 patients (10 HIV-positive and 26
HIV-negative). When adjusted for age, the role of HIV
was no longer statistical significant for the development
of HCC. Moreover, when analyzing cirrhotic patients
only, the HCC incidence had no difference between the
groups. Only age and alcohol use were associated with
risk of developing HCC.
Marcon PS, Tovo CV, Kliemann DA, Fisch P, de Mattos AA.
Incidence of hepatocellular carcinoma in patients with chronic
liver disease due to hepatitis B or C and coinfected with the
human immunodeficiency virus: a retrospective cohort study.
World J Gastroenterol 2018; 24(5): 613-622 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i5/613.htm
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MATERIALS AND METHODS
Study design

A retrospective cohort study was conducted with
individuals with chronic viral hepatitis B or C, with and
without HIV coinfection. Patients were selected from
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the viral hepatitis notification bank at the epidemiology
department of Hospital Nossa Senhora da Conceição,
a tertiary public care center in Porto Alegre - Brazil,
between January 2007 and June 2014.
Initially, eligible patients were those with do
cumented chronic infection by HBV or HCV. Chronic
infection by HBV was considered in the presence of
positive HBsAg and/or polymerase chain reaction (PCR)
for HBV DNA for longer than six months. HCV chronic
infection was defined by detection of the anti-HCV
antibody and PCR for HCV RNA in the plasma for longer
than six months. These individuals were split into two
groups, according to their HIV infection status. Patients
considered as infected by HIV were those with detection
of anti-HIV antibodies in the plasma, repeated and
confirmed via molecular method or Western blot.
Individuals under 18 years of age, patients with
insufficient data on their medical records, those who
did not attend monitoring exams, pregnant women,
those with other types of hepatitis or who did not have
at least one annual appointment during the monitoring
period were excluded from the study.
All patients who were coinfected with HIV and met
the inclusion criteria were included in the study; for
patients who were only infected with HBV or HCV, a
simple random draw was conducted using IBM® SPSS
software version 22.0, for later data collection of
selected patients (Figure 1).
We assessed demographic and clinical data, inclu
ding lifestyle habits such as illicit drug use or alcohol
abuse, in addition to frequency and reasons for hospital
admissions via medical records review. The diagnosis of
diabetes mellitus (DM) or glucose intolerance was done
according the criteria set by the American Diabetes
[44]
Association .
Specific treatments for viral hepatitis were inves
tigated, with the following criteria being considered as
adequate responses to HBV and sustained virological
response (SVR) to HCV: HBV treatment with any oral
antiviral or conventional interferon, with negative viral
load after 12 mo from the start of monitoring; HCV
treatment with conventional or pegylated interferon,
associated or not to ribavirin and to boceprevir or
telaprevir, with negative viral load after at least 12 wk
[34,45]
from the end of treatment
.
In patients coinfected with HIV, the use of HAART
was assessed, with the negativation of the HIV viral
load being considered as adequate response to the
treatment. The occurrence of opportunistic infections
was also investigated.
All patients were investigated for presence of liver
cirrhosis and its complications. The cirrhosis diagnosis
was established in accordance with the association
of clinical and laboratory findings, abdominal and/or
endoscopic images and histopathological in cases of
doubt.
The HCC diagnosis was based on the typical radiologic
aspect in at least one image exam (CT or MRI), following
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the criteria established by the European Association
[8]
for the Study of the Liver (EASL) . The inconclusive
cases were referred for biopsy of the suspected hepatic
lesion, followed by anatomopathological examination for
diagnostic confirmation. In the confirmed cases of HCC,
the extent of the disease was assessed according to the
[46]
Milan criteria . Additionally, we determined the alphafetoprotein value and the Child-Pugh and Model for EndStage Liver Disease scores (MELD) at the time of HCC
diagnosis.

Ethical considerations

This project was submitted to and approved by the
Ethical Committees of Universidade Federal de Ciências
da Saúde de Porto Alegre and of Hospital Nossa
Senhora da Conceição in Porto Alegre, Brazil, following
the ethical precepts of the Helsinki Declaration, revised
[47]
in 2013 . This is a retrospective cohort study, which
did not present direct intervention in the patients and
with the data analyzed only in numbers; thus the
informed consent statement was waived.

Statistical analysis

Continuous variables were described as mean ± SD.
When Gaussian assumptions were violated, we used
median and interquartile range (25 percentile to 75
percentile). Categorical variables were expressed
by frequencies and percentages. The comparison of
means was performed by Student's t-test, and in
the case of asymmetric data, by its non-parametric
substitute (Mann-Whitney U test). The comparison
of categorical variables was performed by chi-square
test or by Fisher’s exact test when appropriate. The
time for the event was calculated from the first event
of medical care at the institution due to HIV and/or
viral hepatitis until the final event, considered as HCC
or death. The incidence of events (HCC or death) was
estimated by the Kaplan-Meier method according to the
presence or absence of HIV coinfection. The comparison
between groups was performed by the log-rank test.
Additionally, we elaborated a Cox proportional hazards
model, with which we obtained the gross and adjusted
rate ratios (hazard ratio) for potential confounders,
followed by their respective confidence intervals. For all
tests, the level of bicaudal significance of α/2 = 0.05
was considered. Data was stored in Microsoft® Office
Excel 2010 and statistically analyzed by IBM® SPSS
22.0 software. The statistical methods of this study
were reviewed by Mario B. Wagner from Universidade
Federal do Rio Grande do Sul - Brazil.

RESULTS
A total of 6567 medical records of patients referred to
tertiary care center with viral hepatitis were analyzed;
of these, 804 patients were included in the study (399
coinfected with HIV/HBV or HCV and 405 monoinfected
with HBV or HCV) (Figure 1).
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Patients notified with chronic and acute
viral hepatites
(n = 6567)

Excluded (n =1650)
HIV serology ignored (n = 1468)
HIV serology not completed (n = 182)
Patients with viral hepatitis and known
HIV serology
(n = 4917)

Coinfection HIV + Hepatitis B or C (n = 1282)
Excluded:
< 18 yr of age at the start of monitoring (n = 20)
Acute Hepatitis B and/or C or without chronicity
confirmation (n = 247)
Acute Hepatitis A (n = 4)
Lack of at least 1 consultation/year, lack of exams or data
in records, or pregnant (n = 612)

Hepatitis B or C, without HIV (n = 3635)
Excluded:
< 18 years of age at the start of monitoring (n = 41)
Acute hepatitis B and/or C or without chronicity
confirmation (n = 390 )
Acute Hepatitis A (n = 10)
Lack of at least 1 consultation/year, lack of exams or
data in records, or pregnant (n = 916)

Coinfected with HIV and chronic viral
hepatitis B or C
(n = 399)

Patients with chronic viral
hepatitis B or C

Included patients with chronic viral
hepatitis B or C
(n = 405)
Included coinfected with HIV and
chronic viral hepatitis B or C
(n = 399)
Random selection via specific
statistic software

Figure 1 Fluxogram. HIV: Human immunodeficiency virus.

The general characteristics of patients are shown in
Table 1, where it can be seen that those coinfected with
HIV were younger, more often male and less frequently
Caucasian, besides showing a lower frequency of
DM. In this group of patients, the use of illicit drugs
was more frequent, although there was no difference
regarding alcohol abuse. There was also a higher
frequency of HBV in the coinfected patients, with higher
rates of treatment, but with lower response rates
(54.8% vs 92.3%, p = 0.012). In turn, HIV-negative
patients had a higher frequency of HCV and a higher
rate of treatments performed, with SVR seen in 56.2%
of these cases (56.2% vs 44.3%, p = 0.083).
Most of the coinfected patients received HAART
(94.2%), with only 59% of them presenting adequate
response to treatment. It was observed that approxi
mately 64% of the coinfected patients presented some
type of opportunistic infection during the monitoring period
and had a larger number of hospitalizations than the
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HIV-negative patients [3 (1-5) vs 1 (0-3), p < 0.001].
On the other hand, the presence of hepatic cirrhosis
was higher in HIV-negative patients.
When only patients with cirrhosis were analyzed,
coinfected patients were also younger (40.1 ± 10.4 years
vs 50.9 ± 11.8 years, p < 0.001), not Caucasian (77.3%
vs 92%, p = 0.006), with less occurrences of diabetes
(18.2% vs 39.5%, p = 0.004) and more occurrences of
alcohol abuse (64.6% vs 42.6%, p = 0.021). There was
no statistical difference regarding the presence of HBV
and HCV among the groups. Regarding the treatment
of HBV, it was not possible to make considerations due
to the small number of cases evaluated. Regarding HCV
treatment, it was observed that in both groups, less
than 50% of the patients received treatment, with a
higher rate of SVR in the monoinfected group (48.8% vs
17.6%, p = 0.039). Regarding cirrhosis complications,
no differences were observed in the incidence of
ascites, spontaneous bacterial peritonitis, hepatic
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Table 1 Characteristics of patients with chronic liver disease due to hepatitis B or C virus, with and without human
immunodeficiency virus
Characteristics
Age, yr
Male gender
Caucasian
Diabetes or glucose intolerance
Illicit drugs
Alcohol
Hepatitis B
Treatment
Hepatitis C
Genotype 1
Genotype 2
Genotype 3
Other1
Treatment
Hospital admissions
Cirrhosis

HIV+ (n = 399)

HIV- (n = 405)

P value

36.7 ± 10
249 (62.4)
285 (71.4)
n = 390
57 (14.6)
n = 247
161 (65.2)
n = 283
119 (42.0)
n = 399
82 (20.6)
n = 81
77 (95.1)
n = 395
333 (84.3)
n = 292
192 (65.8)
19 (6.5)
79 (27.1)
2 (0.7)
n = 325
102 (31.4)
n = 399
359 (90.0)
n = 399
66 (16.5)

46.3 ± 12.5
197 (48.6)
352 (86.9)
n = 343
100 (29.2)
n = 184
41 (22.3)
n = 269
96 (35.7)
n = 404
49 (12.1)
n = 35
13 (37.1)
n = 399
361 (90.5)
n = 296
157 (53.0)
17 (5.7)
119 (40.2)
3 (1.0)
n = 338
151 (44.7)
n = 405
249 (61.5)
n = 399
125 (31.3)

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.138
0.002
< 0.001
0.010
0.005

< 0.001
< 0.001
< 0.001

Data presented as average ± SD or n (%). 1Other related genotypes (genotype 4, genotype associations between 1 and 4, 1 and 2, 3 and 4). HIV: Human
immunodeficiency virus.

2.5% e 6.4%, respectively. The incidence density of HCC
in coinfected and monoinfected patients was 0.25 cases
per 100 patient-years (95%CI: 0.12-0.46) and 0.72
cases per 100 patient-years (95%CI: 0.47-1.05) (longrank p = 0.002), respectively (Table 3). The ratio of
incidence rates of HCC of HIV negative when compared
to HIV positive was 2.98. When adjusted for age, the
role of HIV is no longer statistical significant for the
development of HCC (Table 3).
When analyzing cirrhotic patients only, we observed
an HCC incidence density of 1.54 cases per 100 patientyears (95%CI: 0.74-2.83) in coinfected patients and
2.31 cases per 100 patient-years (95%CI: 1.51-3.38)
in monoinfected patients (long-rank p = 0.202) (Table
4). The HCC incidence rate in this case becomes 1.60,
with no statistical significance (95%CI: 0.77-3.32, p =
0.207) (Table 4).
Among the factors analyzed in cirrhotic patients,
the only ones that presented statistical significance for
the risk of developing HCC were age and alcohol use;
in this sample, DM was unable to demonstrate such
association (Table 5).

encephalopathy, hepatorenal syndrome and variceal
bleeding when comparing patients with and without
HIV. The development of ascites (in about 60% of
coinfected cirrhotic patients and 50% of HIV negative)
was the most frequent complication in both groups. In
cirrhotic patients, the frequency of hospital admissions
was higher in the coinfected patients [3 (2-5) vs 2
(0-4), p = 0.047], but there was no statistical difference
between the groups when analyzing the percentage of
admissions due to hepatic causes (61.3% vs 76.1%, p
= 0.072).
In general, patients were monitored for a median
time of 10.54 years (95%CI: 9.58-11.50, p = 0.005).
Coinfected patients were monitored for a median
time 12.03 years (95% CI: 10.92 - 13.15), while
monoinfected patients were monitored for a median
time of 8.57 years (95%CI: 7.19-9.94), p = 0.005.
The total follow-up was 7.498.8 patient-years (3.901.9
patient-years in HIV-positive patients and 3.596.9
patient-years in HIV-negative patients).
All patients who developed HCC had liver cirrhosis
at the time of diagnosis. These patients’ characteristics
are presented in Table 2, where it can be observed that
the co-infected population was younger and had higher
alpha-fetoprotein levels. There was no difference in
other aspects evaluated.
The development of HCC was observed in 36 patients
- 10 cases in HIV-positive patients and 26 in HIVnegative patients, resulting in a cumulative incidence
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DISCUSSION
The arrival of HAART against HIV in the 90s directly
impacted the natural history of HIV infection. The
improvement in the immunity and, consequently, the
survival of these patients led to a decrease in diseases
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Table 2 Characteristics of patients with hepatocellular carcinoma
Characteristics
Age, yr
Male gender
Caucasian
Diabetes or glucose intolerance
Alcohol
Hepatitis B
Hepatitis C
Child- Pugh
A
B
C
MELD
Milan criteria2
Alpha-fetoprotein, ng/mL

1

HIV+ (n = 10)

HIV- (n = 26)

P value

42.1 ± 8.3
8 (80.0)
9 (90.0)
2 (20.0)
n=9
7 (77.8)
n = 10
1 (10.0)
9 (90.0)
n=8
2 (25.0)
5 (62.5)
1 (12.5)
n=7
13.7 ± 5.1
n = 10
3 (30.0)
n = 10
276 (23-18750)

53.7 ± 10.6
18 (69.2)
24 (92.3)
10 (41.7)
n = 22
10 (45.5)
n = 26
2 (7.7)
24 (92.3)
n = 25
11 (44.0)
11 (44.0)
3 (12.0)
n = 22
10.9 ± 4.2
n = 26
14 (53.8)
n = 24
20 (4-113)

0.004
0.689
> 0.999
0.432
0.132
> 0.99
> 0.99
0.735

0.157
0.157
0.038

Data presented as average ± SD or n (%). 1All patients who developed hepatocellular carcinoma in this study had liver cirrhosis; 2Patients with
hepatocellular carcinoma satisfying the following criteria: single lesion < 5 cm or up to three lesions < 3 cm, without vascular tumor invasion and/or distant
metastasis. HIV: Human immunodeficiency virus; MELD: Model for End-Stage Liver Disease.

Table 3 Incidence of hepatocellular carcinoma in patients with chronic liver disease due to hepatitis B or C, with and without
human immunodeficiency virus
HIV

n

HCC

+
399
10
405
26
Model 2: adjusted for age
Model 3: adjusted for age and DM
Model 4: adjusted for age, DM and alcohol

%

Patient-years

Rate × 100 patient-years

RR

95%CI

P value

2.5
6.4

3963.80
3624.50

0.25
0.72

2.98
1.29
1.27
1.23

1.43-6.18
0.58-2.87
0.56-2.88
0.52-2.95

0.003
0.529
0.571
0.638

HIV: Human immunodeficiency virus; HCC: Hepatocellular carcinoma; RR: Rate ratio; DM: Diabetes mellitus.

related to the human immunodeficiency syndrome
(which would invariably lead to death within only a few
months). This has led to an increase in the incidence
of diseases not directly related to HIV, especially
[24,34,35,38,42,43,48,49]
neoplasms and liver disease
. In this
scenario, HBV, HCV and alcohol abuse - factors often
[9,49-51]
related to HIV infection - deserve attention
.
In recent years, evidence suggests that HIV infection
might be related to negative consequences on the
progression of liver diseases, particularly increasing
[51]
the risk of HCC. Puoti et al
observed an unfavo
rable evolution of liver disease in patients with HIV,
with an increase in HCC cases, mainly associating
this diagnosis with HCV infection. In 2008, a casecontrol study associated the development of HCC in
coinfected patients with low CD4 levels, demonstrating
the influence of HIV-related immunodeficiency on the
[52]
[42]
development of this neoplasm . Beretta et al (2011)
reported a younger profile of patients coinfected
with HIV and HCC patients, with a clear deterioration
in the survival rates of these patients, inferring that
the presence of HIV would accelerate the process
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of carcinogenesis. Several other authors have also
suggested that the presence of HIV may increase
the risk of developing HCC, even after treatment for
viral hepatitis, raising questions about the role of
the HIV virus or the drugs involved in its treatment in
hepatocarcinogenesis, something that has not been
[34,48,53,54]
properly clarified
.
The present study found no significant association
between the presence of HIV and the development of
HCC. When evaluating the cohort as a whole, we found
lower cumulative incidence rates in coinfected patients
(2.5% vs 6.4%). However, the group of monoinfected
patients were 10 years older than coinfected patients,
which suggests a longer time of infection/exposure
to viral hepatitis. This is in line with the findings of
[42]
Beretta et al
(2011). On the other hand, when we
corrected for age, no difference was observed in the
incidence between HIV-positive and HIV-negative
patients. Similarly, when we analyzed the subgroup
with liver cirrhosis only, no difference in the incidence
of HCC between monoinfected and coinfected patients
was seen.
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Table 4 Incidence of hepatocellular carcinoma in cirrhotic patients
HIV
+
-

n

HCC

%

Patient-years

Rate of 100 patient-years

RR

95%CI

P value

66
125

10
26

15.2
20.8

649.75
1125.88

1.54
2.31

1.60

0.77-3.32

0.207

Table 5 Incidence of hepatocellular carcinoma in cirrhotic patients adjusted for Human immunodeficiency virus, age, diabetes
mellitus and alcohol
Characteristic

RRc

95%CI

P value

RRa

95%CI

P value

HIV
Age (by 10 yr)
DM
Alcohol

1.60
1.80
0.96
1.29

0.77-3.32
1.75-1.86
0.48-1.95
0.64-2.62

0.207
< 0.001
0.913
0.480

0.60
2.20
0.97
2.31

0.23-1.62
2.12-2.30
0.44-2.14
1.02-5.23

0.313
0.001
0.930
0.046

HIV: Human immunodeficiency virus; HCC: Hepatocellular carcinoma; RRc: Crude rate ratio; RRa: Adjusted rate ratio; DM: Diabetes mellitus.

Other authors have also been unable to demonstrate
a higher incidence of HCC in patients coinfected with HIV
[55]
and HBV/HCV. Smukler et al
observed that despite
an increase in the incidence of certain neoplasms in
HIV-positive patients after the introduction of HAARTs,
the incidence of HCC had no significant changes. Later,
[56]
Kramer et al , in a retrospective cohort study, found no
association between coinfection and HCC, regardless of
[57]
the use of HAART. Likewise, García-García et al , in a
study with over 1000 patients, comparing monoinfected
patients with HCV and coinfected patients with HIV/HCV,
observed a higher incidence of HCC in the group of
[43]
patients without HIV. More recently, Benedetto et al
found similar results when, in a prospective cohort study
with cirrhotic patients, they investigated 69 patients
monoinfected with HCV and 79 patients coinfected with
HIV/HCV. Patients in this study were monitored for an
average of 43 mo, with an incidence density of 1.54
cases per 100 patient-years in the coinfected group and
3.03 cases per 100 patient-years in the monoinfected
group, which are very similar numbers to those found in
the present study, with the difference that our average
monitoring was 126 mo. The Argentine study also found
younger patients coinfected with HIV, which leads us
to speculate that the time of exposure to hepatic injury
factors, such as HBV and HCV, is much more relevant to
the development of HCC than the presence of HIV per se.
Alcohol abuse is traditionally associated with the
development and worsening of liver disease, both in
[34,51,58]
HIV-positive and HIV-negative patients
. Data
from the United States shows a prevalence of up to
[34]
35% of alcohol abuse in HIV-infected patients . In
the present study, the importance of this association
was confirmed, as alcohol abuse was a risk factor for
the development of HCC in cirrhotic patients.
In the present study, although around 94% of HIVpositive patients received some type of HAART, only 59%
obtained an adequate response to treatment, probably
due to the abandonment of the proposed therapy.
This also explains the high incidence of opportunistic
infections (64% presented some type of opportunistic
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infection during monitoring) as well as the large number
of hospital admissions for these individuals.
Some limitations of the present study should be
mentioned, such as those inherent to retrospective
studies and regarding data collection from potentially
incomplete medical records. In addition, because of
the low HBV and HCC number , some analyzes were
impaired, such as the subanalysis of the incidence
of HCC categorized by the presence of HBV or HCV
separately or by the SVR after treatment of hepatitis.
In conclusion, the data suggests that HIV coinfection
in patients with chronic hepatitis related to HBV or HCV
does not play a relevant role in the development of HCC.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Following the introduction of highly effective antiviral therapy (HAART) against
human immunodeficiency virus (HIV), the survival of affected patients improved
considerably. In this scenario, liver diseases have gained prominence,
especially viral hepatitis and hepatocellular carcinoma (HCC). Current data
suggest an unfavorable evolution both in the natural history of liver disease and
in the outcome after hepatitis treatment in coinfected patients.

Research motivation

The data about the outcomes in HIV/viral hepatitis association are conflicting,
especially with regard to the incidence of HCC, mainly in South America. Thus,
we believe it is extremely important to have data clarifying the profile of this
association in our environment.

Research objectives

The main objective of this study is to assess the incidence of HCC in patients
with chronic liver disease due to HBV or HCV and coinfected with HIV. These
data are extremely important in order to implement more appropriate policies of
HCC screening and prevention in this population.

Research methods

A retrospective cohort study was conducted with individuals with chronic viral
hepatitis B or C, with and without HIV coinfection. Patients were selected from
the viral hepatitis notification bank at the epidemiology department of Hospital
Nossa Senhora da Conceição, a tertiary public care center in Porto Alegre Brazil, between January 2007 and June 2014. These individuals were split into
two groups, according to their HIV infection status. Individuals under 18 years of
age, patients with insufficient data on their medical records, those who did not
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attend monitoring exams, pregnant women, those with other types of hepatitis
or who did not have at least one annual appointment during the monitoring
period were excluded from the study. We assessed demographic and clinical
data, including lifestyle habits, specific treatments for viral hepatitis, HAART use
in patients coinfected with HIV, presence of liver cirrhosis and its complications
and the HCC diagnosis.

7

Research results

A total of 6567 medical records of patients referred to this tertiary care center
with viral hepatitis were analyzed; of these, 804 patients were included in the
study (399 coinfected with HIV/HBV or HCV and 405 monoinfected with HBV
or HCV). In general, patients were monitored for a median time of 10.54 years
(95%CI: 9.58-11.50, p = 0.005). The total follow-up was 7498.8 patient-years
(3901.9 patient-years in HIV-positive patients and 3596.9 patient-years in HIVnegative patients). The development of HCC was observed in 36 patients 10 cases in HIV-positive patients and 26 in HIV-negative patients. All patients
who developed HCC had liver cirrhosis at the time of diagnosis. The incidence
density of HCC in coinfected and monoinfected patients was 0.25 cases per
100 patient-years (95%CI: 0.12-0.46) and 0.72 cases per 100 patient-years
(95%CI: 0.47-1.05) (long-rank p = 0.002), respectively. The ratio of incidence
rates of HCC of HIV negative when compared to HIV positive was 2.98. When
adjusted for age, the role of HIV is no longer statistical significant for the
development of HCC.

8

9

10
11

Research conclusions

The present study found no significant association between the presence of
HIV and the development of HCC. The data from this study suggests that the
time of exposure to hepatic injury factors, such as HBV and HCV, is much more
relevant to the development of HCC than the presence of HIV per se.

12

13

Research perspectives

The present study demonstrates the need to study more deeply the
consequences of the association of HIV with chronic liver diseases, especially
in the era of HAART. The data presented here indicate the need for further
prospective studies to better evaluate the consequences of HIV/viral hepatitis
coinfection.

14
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(Ab). In this cohort, 396 subjects underwent initial
ileocecal resection or ileal resection for management of
disease. Subsequently 165 patients (41.7%) required
a second ICR or IR. Factors predicting faster time to a
second surgery were elevated GM-CSF Ab and elevated
GM-CSF cytokine. Patients with low GM-CSF cytokine
levels and the protective allele for ATG16L1 had longer
intervals between a first and second surgery. To
improve long term outcomes for patients with Ileal CD
we need to optimize therapeutic options for patients
with low GM-CSF bioavailability and genetic risk
markers for ATG16L1.

Revised: December 5, 2017
Accepted: December 12, 2017
Article in press: December 12, 2017
Published online: February 7, 2018

Abstract
AIM
to examine the relationship between elevated
granulocyte-macrophage colony-stimulating factor (GMCSF) auto-antibodies (Ab) level and time to surgical
recurrence after initial surgery for Crohn’s disease (CD).
METHODS
We reviewed 412 charts from a clinical database at
tertiary academic hospital. Patients included in the
study had ileal or ileocolonic CD and surgical resection
of small bowel or ileocecal region for management
of disease. Serum samples were analyzed for serolog
ical assays including GM-CSF cytokine, GM-CSF Ab,
ASCA IgG and IgA, and genetic markers including
SNPs rs2066843, rs2066844, rs2066845, rs2076756
and rs2066847 in NOD2, rs2241880 in ATG16L1,
and rs13361189 in IRGM. Cox proportional-hazards
models were used to assess the predictors of surgical
recurrence.

Gathungu G, Zhang Y, Tian X, Bonkowski E, Rowehl L,
Krumsiek J, Nix B, Chalk C, Trapnell B, Zhu W, Newberry R,
Denson L, Li E. Impaired granulocyte-macrophage colonystimulating factor bioactivity accelerates surgical recurrence in
ileal Crohn’s disease. World J Gastroenterol 2018; 24(5): 623-630
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i5/623.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i5.623

INTRODUCTION
The incidence and prevalence of Crohn’s disease (CD)
continues to rise with the highest rates reported to be
20.2 per 100000 person-years and 319 per 100000
[1]
persons in North America . This chronic inflammatory
disease is characterized by a transmural inflammation
and can involve any region of the gastrointestinal tract.
The transmural involvement particularly involving the
ileum, often leads to fibrosis, luminal narrowing, and
fistulas. In one population based cohort study of adult
patients with CD, the cumulative probability of major
abdominal surgery was 38%, 48%, and 58% at 5, 10,
[2]
and 20 years after diagnosis, respectively . Endoscopic
recurrence after the initial ileocolic resection for CD
may occur in up to 73% of patients within the first year
[3]
after surgery . Further, disease recurrence resulting in
a second surgery for CD may occur in 31% to 50% of
[4,5]
patients within 10 years of the initial surgery .
A growing body of literature supports the use of
serological and genetic markers to determine the
prognosis for patients with increased risk for surgical
recurrence. Granulocyte macrophage colony-stimulating
factor (GM-CSF) is a cytokine that promotes myeloid cell
development and maturation. In mice, deficiency of this
important hematopoietic growth factor can contribute to
[6,7]
mucosal inflammation and immunodeficiency . Clinical
trials of recombinant GM-CSF in CD have demonstr
[8-10]
ated that it may benefit a subset of CD patients
.
Conversely, as we and others have previously shown,
neutralizing GM-CSF auto-antibodies (Ab) are associated
with a reduced bioactivity of GM-CSF, impaired neutrophil
bacterial killing, and increased rates of intestinal resection

RESULTS
Ninety six percent of patients underwent initial ileocecal
resection (ICR) or ileal resection (IR) and subsequently
40% of patients required a second ICR/IR for CD. GMCSF Ab level was elevated at a median of 3.81 mcg/mL.
Factors predicting faster time to a second surgery
included elevated GM-CSF Ab [hazard ratio (HR) 3.52,
95%CI: 1.45-8.53, P = 0.005] and elevated GM-CSF
cytokine (HR = 2.48, 95%CI: 1.31-4.70, P = 0.005).
Factors predicting longer duration between first and
second surgery included use of Immunomodulators (HR
= 0.49, 95%CI: 0.31-0.77, P = 0.002), the interaction
effect of low GM-CSF Ab levels and smoking (HR =
0.60, 95%CI: 0.45-0.81, P = 0.001) and the interaction
effect of low GM-CSF cytokine levels and ATG16L1 (HR
= 0.65, 95%CI: 0.49-0.88, P = 0.006).
CONCLUSION
GM-CSF bioavailability plays a critical role in maintaining
intestinal homeostasis. Decreased bioavailability
coupled with the genetic risk markers and/or smoking
results in aggressive CD behavior.
Key words: Inflammatory bowel disease; granulocytemacrophage colony-stimulating factor antibody; Crohn’s
disease; surgery
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This retrospective study assesses the risk of
surgery for management of ileal Crohn’s disease (CD)
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[7,11,12]

for ileal CD
.
In the present study, we examined the predictive
capacity of GM-CSF Ab in surgical recurrence rates after
initial ileocolic resection for ileal CD. We also evaluated
other clinical, serologic and genetic prognostic factors
that might define the subset of patients with shorter
time to surgical recurrence.

ufacturer’s instructions. Briefly, 100 microliters of
patient’s serum at a dilution of 1:100 were added
to 96-well polystyrene microwell plates adhered
with partially purified and disrupted Saccharomyces
cerevisiae antigen. Bound ASCAs were detected by
incubation with horseradish peroxidase IgG or IgA
conjugate (goat anti-human). The absorbance (optical
density, OD) was read at 450 nm using a SpectraMax
MiniMax Imaging Cytometer. On each plate a high and a
low positive, as well as a negative control were included.
ASCA reactivity was determined by the formula: sample
OD⁄low positive OD × 25. The positive cut off values
for both ASCA IgA and IgG as set by the manufacturer
were 25 Units (U)/mL.

MATERIALS AND METHODS
Study population

After obtaining institutional review board approval,
patients with CD enrolled between January 2005 and
October 2015 at Washington University Medical Center
in St. Louis, MO, were identified from a prospectively
maintained database of Inflammatory Bowel Disease
patients at the Digestive Diseases Research Core
Centers (DDRCC). A retrospective chart review was
performed on all patients. Patients were excluded if the
pathology report was not consistent with a diagnosis of
CD. The retrospective chart review included surgical and
gastroenterology office notes, surgical and endoscopic
operative reports, hospital admission and discharge
notes, pathology reports, and radiology studies.

Statistical analysis

The statistical methods of this study were reviewed by
Wei Zhu, PhD at Stony Brook University. Descriptive
statistics of demographic variables were generated
using Graph Pad Prism 5.04 for Windows, GraphPad
Software, San Diego, CA, United States.
In order to detect risk factors associated with early
[14]
surgical recurrence, a Cox proportional hazard model
was fitted with main effects and first-order interactions
of clinical and genotype variables. A stepwise variable
selection based on Bayesian information criteria (BIC)
was performed to select the relevant subset of variables.
Within the model, p value was adjusted as previously
[15]
described by Li et al , with the cutoff at FDR < 0.05.
Model fitting and selection were generated using R 3.1.1
(http://cran.r-project.org).

Study design

Patients included in the study had ileal or ileocolonic CD
and surgical resection of small bowel or ileocecal region
for management of disease. The diagnosis of CD was
based on established clinical, radiological, endoscopic and
histopathological criteria. The characteristics recorded at
baseline included, age, gender, race/ethnicity, duration
of disease, location and behavior according to the
[13]
Montreal classification , smoking history, number and
type of surgery, and exposure to IBD therapies. We also
extracted available data for infection with Clostridium
difficile (C. diff).
DNA samples were obtained from peripheral whole
blood samples collected at enrollment in the registry.
Samples were genotyped using the Illumina Golden Gate
custom Immunochip array. Genetic analysis focused on
SNPs rs2066843, rs2066844, rs2066845, rs2076756
and rs2066847 in NOD2, rs2241880 in ATG16L1, and
rs13361189 in IRGM. These polymorphisms have a role
in bacteria sensing and autophagy.
Serum concentrations of GM-CSF cytokine and Ab
were quantified by enzyme-linked immunosorbent
[7]
assay (ELISA) as previously described . Based upon
prior studies elevated serum GM-CSF Ab was defined
as ≥ 1.6 mcg/mL.

RESULTS
Patient demographic and clinical characteristics

The study group included 412 adult patients with CD
and a prior history of surgery for management of
disease (Table 1). The mean age of CD patients at the
time of this study was 49.9 ± 14.5 years. The mean
disease duration was 22.5 ± 12.5 years. The majority
of patients (50.26 %) were smokers.
The first surgical procedure for IBD management
occurred at a median of 3 years post diagnosis. Most
patients underwent intestinal resection with ileocolonic
anastomosis. Ileocecal resection (ICR) was performed
in 370⁄412 (90%) patients and ileal resection (IR) was
performed in 26⁄412 patients (6.3%). The remaining
3.2% of patients underwent other intestinal surgeries
including total colectomy, ileostomy creation, upper
small bowel surgery, partial colectomy, proctectomy,
diverting colostomy, and enterofistula repair. Two
hundred and fifty eight patients (62.62%) underwent
the first surgery for management of CD prior to
enrollment in the registry in 2005. Table 2 outlines the
[13]
patient characteristics by Montreal Classification .
The mean age at diagnosis of CD patients was 27.8 ±
11.7 years. Chart review revealed that 105 patients

ELISA for detection of anti-Saccharomyces cerevisiae
antibodies

QUANTA Lite (INOVA Diagnostics, Inc., San Diego,
CA, United States) ASCA IgG and IgA enzymelinked immunosorbent assays (ELISA) were used for
determination of serum anti-Saccharomyces cerevisiae
antibodies (ASCAs) levels as described by the man
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ASCA IgG. Two hundred and eighty seven (70%) of
patients were concordantly positive, 35 (8%) patients
were concordantly negative, whereas 16 (4%) of
patients were positive only for ASCA IgA and 28 (7%)
only for ASCA IgG. The mean, median and range
values of all four serological assays, ASCA IgA, IgG,
GM-CSF cytokine and GM-CSF Ab are shown in Table 3.

Table 1 Demographic characteristics of the subjects
Patient characteristics (n = 412)
Gender, Female
Race, White
Age, mean ± SD
Smoking
Current smoker
Ex-smoker
Never smoker
Surgery for CD1
First Ileocolic resection
First Ileal resection
Second Ileocolic resection
Second Ileal resection
Exposure to medication
Immunomodulators pre-T1
Anti-TNF agent pre-T1
Immunomodulators pre-T2
Anti-TNF agent pre-T2

n (%)
242 (58.74)
368 (89.3)
49.88 ± 14.49
180 (43.69)
27 (6.57)
203 (49.27)

Surgical recurrence after initial ICR or small bowel
resection and associated risk or protective factors

370 (89.80)
26 (6.31)
152 (36.89)
13 (3.15)

A total of 224 patients (54.5%) required two or more
IBD related surgical procedures. One hundred and
twenty one patients (29.37%) underwent the second
surgery for management of CD prior to enrollment in the
registry in 2005. Chart review revealed that 187 patients
(45.39%) had exposure to Immunomodulator therapy
(Azathioprine, 6-mercaptopurine or Methotrexate) prior
to a second surgery. In addition, 80 patients (29.13%)
had exposure to Infliximab or Adalimumab prior to
a second surgery. Time to the second surgery was
significantly shorter in patients with structuring (B2) or
penetrating (B3) disease behavior as shown in Figure 1.
Factors predicting a faster time to a second surgery
were assessed by survival analysis using the Cox
proportional hazard model to test for association with
gender, disease phenotype, smoking status, serological
assays, IBD polymorphisms and use of medications
(Immunomodulators or anti-TNF) between the first
and second surgery (Table 4). All serological assays
(GM-CSF cytokine, GM-CSF Ab, ASCA IgA and ASCA
IgG) were examined as continuous, log transformed
variables while the remaining variables were included
as categorical variables.
A total of 333 subjects were included in this analysis
after removal of subjects who did not have ICR/IR and
those with missing data. Patients with high GM-CSF
cytokine or Ab levels had a significantly shorter time to
a second surgery compared to those with low levels.
Patients with exposure to immunomodulators between
first and second surgery had significantly longer intervals
to the second surgery.
When examining the interaction of GM-CSF with
all the other variables patients with protective alleles
for ATG16L1 and low GM-CSF cytokine levels had
significantly longer intervals to the second surgery.
Patients with the protective allele for ATG16L1 and low
GM-CSF Ab levels also experienced a longer interval
to the second surgery but this was not statistically
significant. The other polymorphisms for the genes
NOD2 and IRGM did not have significant correlation
with time to the second surgery.
A positive smoking history did not correlate with
a faster time to second surgery. The median GM-CSF
Ab levels (Figure 2) was significantly lower in smokers
when compared to non-smokers (p < 0.0001) and
significantly lower when compared to ex-smokers (p
< 0.01). In addition smokers who expressed low GMCSF Ab has significantly longer intervals to the second

105 (25.48)
80 (19.41)
187 (45.39)
120 (29.13)

1

3.2% of patients underwent other intestinal surgeries as noted in the
results section of the text. CD: Crohn’s disease.

Table 2 Phenotypes by Montreal classification
n (%)
Age at diagnosis
A1 (≤ 16)
A2 (17-40)
A3 (> 40)
Disease location
L1 ileal
L2 colonic
L3 ileocolonic
L4 upper GI disease
p perianal disease
Disease behavior
B1 non-stricturing, non-penetrating
B2 stricturing
B3 penetrating

56 (13.63)
296 (72.57)
60 (14.6)
279 (67.71)
2 (0.485)
131 (31.87)
50 (12.17)
125 (30.41)
35 (08.49)
167 (40.63)
197 (47.93)

(25.48%) had exposure to Immunomodulator therapy
(Azathioprine, 6-mercaptopurine or Methotrexate) prior
to the first surgery. In addition, 80 patients (19.41%)
had exposure to Infliximab or Adalimumab prior to the
first surgery.

Prevalence of GM-CSF Ab and ASCA

Serum samples were drawn from 254 and 150
patients before and after the first ICR/IR surgery for
management of CD, respectively. Similarly serum
samples were drawn from 98 and 67 patients before
and after the second ICR/IR surgery, respectively. The
serum GM-CSF Ab level was elevated at a median
(interquartile range, IQR) of 3.81 (0.93-11.01) mcg/
mL and consistent with previous studies. There were
273 (66.4%) CD cases with GM-CSF Ab level ≥ 1.6
mcg/mL. When we applied the positive cut off values
for both ASCA IgA and IgG as set by the manufacturer,
25 U/ml, 313 ⁄ 412 (76%) of patients were positive
for ASCA IgA and 334 ⁄ 412 (81%) were positive for
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Table 3 Values for serological assays
Serological assays

Mean ± SD

Median (IQRs)

Range

GM-CSF cytokine, pg/mL
GM-CSF Ab, mcg/mL
ASCA IgA, U/mL
ASCA IgG, U/mL

3.18 ± 8.61
10.64 ± 19.76
95.21 ± 77.38
69.79 ± 41.09

1.28 (0.43-3.05)
3.81 (0.93-11.01)
67.51 (27.86-174.4)
66.86 (31.76-104.2)

0.0052-136.5
0.08-241.2
1.92-242.8
3.17-158.1

GM-CSF Ab: Granulocyte-macrophage colony-stimulating factor auto-antibodies; ASCA: Anti-Saccharomyces cerevisiae antibodies; CD: Crohn’s disease.

Log10 of serum GM-CSF Ab (mcg/mL)

1.0
Inflammation
Stricturing
Penetrating

0.8
0.6
0.4
0.2

P = 0.0037
0.0
0

10

20

30

40

Figure 1 Comparison of survival Kaplan-Meier curves of patients according
to disease behavior. Log-rank test, P = 0.0037. CD: Crohn’s disease.

P < 0.01

P < 0.0001

2
1
0
-1
-2

Non-smoker

Smoker

Ex-smoker

Figure 2 Serum granulocyte-macrophage colony-stimulating factor autoantibodies levels in patients with Crohn’s disease stratified by smoking
status. The log10 transformation of serum GM-CSF Ab (in micrograms per
milliliter) is shown. The middle line represents the median, and the lower
edge and the upper edge of the box represent the 25% and 75% quartiles,
respectively. The bottom and top lines represent the minimum and maximum
values, respectively. There were 201 non-smokers, 180 smokers and 27 exsmokers with CD. Kruskal-Wallis test with Dunn’s post-test revealed significant
differences between non-smokers and smokers and between smokers and exsmokers. GM-CSF Ab: Granulocyte-macrophage colony-stimulating factor autoantibodies; CD: Crohn’s disease.

surgery.

DISCUSSION
In this cohort of 412 patients with ileal CD, 396 subjects
underwent at least one ileocolic resection or ileal
resection for management of their disease. Subsequently
165 of them (41.7%) required a second ICR or IR.
Within the cohort of 412 patients, 410 had isolated Ileal
or ileocolonic disease, 2 patients had colonic disease but
evolved to ileocolonic location by the conclusion of the
study. Ileal disease location is associated with stricturing
and penetrating disease behavior (B2/B3) and increased
risk of surgery. In fact, we demonstrated a faster time
to the second surgery in those with B2 and B3 disease
behavior compared to non-stricturing, non-penetrating
disease (B1). In addition, patients with structuring
disease had significantly decreased rates of survival
(Figure 1) to the second surgery (P = 0.0037). However,
we sought to determine additional variables that are
potentially modifiable in this large cohort of CD patients
with aggressive ileal CD.
We and others have reported previously, that
elevated GM-CSF Ab is associated with increased
rates of stricturing behavior and surgery in adult and
[7,11,12]
[16]
pediatric CD
. Further, Däbritz et al , showed that
longitudinal measurements of serum GM-CSF Ab levels
in adult and pediatric patients with CD or ulcerative
colitis reliably predicted disease recurrence 2 to 7 mo
before a relapse as defined by clinical assessment using
the Crohn’s or ulcerative colitis disease activity indices
(CDAI, PCDAI, UCDAI, PUCAI) in Adults and Pediatric
patients with CD or ulcerative colitis. In our cohort of
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3

ileal CD patients, the time to a second surgery was
significantly accelerated in those with elevated GM-CSF
Ab level even after accounting for all other variables in
our analysis. This study confirms the prior association
of elevated GM-CSF and aggressive CD and here we
report the link between elevated GM-CSF Ab and a
shorter time to surgical recurrence.
GM-CSF cytokine has a central role in intestinal
homeostasis by enhancing innate immune responses to
[17]
microbial pathogens . Within the gastrointestinal tract,
expression of GM-CSF cytokine is found on Paneth cells
of the intestine and the GM-CSF receptor beta chain is
[18]
present along epithelial cells of the small intestine .
While the underlying pathogenesis that drives overexpression of GM-CSF Ab is not fully defined, in vitro
studies demonstrate a neutralizing effect on GM-CSF
cytokine activity by reducing the bioactivity of free
[7]
GM-CSF . GM-CSF autoantibodies are produced by
lamina propria mononuclear cells isolated from resection
[19]
specimen from patients with stricturing CD . In addition
patients with elevated GM-CSF have reduced neutrophil
[19]
bacterial killing . The addition of GM-CSF cytokine
increases neutrophil bacterial killing in CD only on
washed neutrophils in which GM-CSF antibodies are
[19]
depleted . We examined GM-CSF cytokine level in this
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Table 4 Risk factors at or after the initial Crohn’s disease surgery associated with time to the second Crohn’s disease surgery
Main effects
Immunomodulators1
GM-CSF Ab level
GM-CSF cytokine level
B2 disease behavior2
B3 disease behavior3
Smoking4
ASCA IgG, U/mL
Age at diagnosis
Clostridium difficile infection
antiTNF-α5
ATG16L1 polymorphism
IRGM polymorphism
ASCA IgA, U/mL
NOD2 polymorphisms
Interactions
GM-CSF Ab level and smoking
GM-CSF cytokine level and ATG16L1
GM-CSF Ab level and ASCA IgG, U/mL
GM-CSF Ab level and ATG16L1
B2 disease behavior and Clostridium difficile
B2 disease behavior and smoking
B3 disease behavior and smoking
GM-CSF Ab level and Clostridium difficile
GM-CSF cytokine level and Clostridium difficile
Smoking and IRGM
ASCA IgG, U/mL and IRGM
GMCSF cytokine level and antiTNF-α
GM-CSF Ab level and antiTNF-α
GM-CSF cytokine level and ASCA IgA, U/mL

HR

95%CI

P value

FDR

0.486
3.493
2.489
1.415
0.415
1.286
1.318
0.983
0.035
1.272
1.793
0.092
0.976
1.123

0.306-0.773
1.430-8.538
1.292-4.796
0.517-3.874
0.146-1.176
0.277-5.981
0.799-2.174
0.963-1.003
0.001-1.092
0.662-2.447
0.982-3.273
0.004-2.262
0.755-1.262
0.741-1.702

0.002
0.005
0.005
0.491
0.091
0.743
0.270
0.094
0.051
0.461
0.052
0.136
0.852
0.577

0.026
0.030
0.030
0.624
0.145
0.800
0.378
0.145
0.113
0.615
0.113
0.201
0.852
0.673

0.612
0.652
0.808
0.719
21.57
1.601
5.117
2.865
0.902
0.406
1.867
0.765
0.941
0.865

0.454-0.825
0.480-0.885
0.674-0.968
0.538-0.962
1.456-319.271
0.318-8.059
0.966-27.141
1.065-7.715
0.325-2.501
0.145-1.134
0.908-3.835
0.562-1.041
0.703-1.260
0.750-0.997

0.001
0.005
0.018
0.023
0.023
0.560
0.050
0.033
0.840
0.079
0.083
0.082
0.676
0.041

0.026
0.030
0.081
0.081
0.081
0.673
0.113
0.104
0.852
0.145
0.145
0.145
0.757
0.113

1

Use of Immunomodulators between first and second CD surgery including: Azathioprine, 6-Mercaptopurine, Methotrexate; 2Stricturing behavior (B2)
compared to Inflammatory (B1) disease behavior; 3Penetrating behavior (B3) compared to Inflammatory (B1) disease behavior; 4Active smoker before
the first CD surgery; 5Use of Anti-tumor Necrosis Factor-alpha therapy between first and second CD surgery including: Infliximab, Adalimumab. Cox
proportional hazard model; A Cox proportional hazard model was fitted with main effects and first-order interactions of clinical and genotype variables. A
stepwise variable selection was performed to select the relevant subset of variables. Within the model, P value was adjusted with the cutoff at FDR < 0.05.
Model fitting and selection were generated using R 3.1.1 (http://cran.r-project.org). Table 4 displays the P-values for all fitted terms in the final model. GMCSF Ab: Granulocyte-macrophage colony-stimulating factor auto-antibodies; ASCA: Anti-Saccharomyces cerevisiae antibodies; CD: Crohn’s disease.

study and found that patients with elevated levels had
significantly shorter intervals to the second surgery. We
also evaluated the interaction between GM-CSF cytokine
and its neutralizing antibody and found no interaction
effect. In healthy individuals, GM-CSF in the circulation
is tightly regulated at low or even undetectable levels
but can rise to high levels in response to immune stimuli
such as lipopolysaccharide. Chronic overexpression
leads to pathological changes that can result in severe
[20]
damage to affected organs . This may be explained by
the pleiotropic effects that result from GM-CSF cytokine
[21]
function .
We confirmed that use of imunomodulators is asso
ciated with a longer duration between the first and
second surgical resection for CD. This finding first
[22]
reported by Unkart et al highlights the importance of
step up therapy in a subset of patients with aggressive
CD behavior. It is reported that early use of TNF anta
gonists is associated with reduced risk of developing
[23]
strictures in adults and in children early monotherapy
with TNF antagonists results in better overall clinical and
[24]
growth outcomes at 1 year . In this study, 70.2% of
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patients exposed to TNF antagonists after the initial ICR/
IR did not require a second surgery. In addition, only
27.8% of the 165 patients that required a second ICR/
IR had exposure to TNF antagonists prior to the second
surgery. Nonetheless we did not find that exposure to
TNF antagonists was associated with a longer duration
between the first and second surgery. It is worthwhile
mentioning that the earliest use of TNF antagonists for
this cohort was the year 1994 but 31 subjects (18.8%)
required 2 or more ICR/IR surgical events prior to this
year. In addition 144 subjects (87.2%) who required a
second surgery had long standing disease of 3 or more
years prior to the second surgery.
In this study a large subset of patients were current
or ex-smokers (50.1%) and practically all subjects
except one had ileal disease location. In a prior study
we found that smokers with Ileal CD had lower GM[12]
CSF Ab levels . Similarly, in the present cohort the
median GM-CSF Ab level was 2.5 in smokers and 5.4
in non-smokers (Figure 2). This resulted in a complex
interaction effect of smoking such that smokers who
expressed low GM-CSF Ab level had a longer interval
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Research results

between the first and second surgery.
A limitation of the study was the retrospective nature
of the clinical data collection. In addition we were not
able to clearly delineate precise duration of exposure
to immunomodulators or biologics, the response and
tolerance of these medications. The serum collection
was cross sectional and so future studies should exa
mine serial measurements that correlate with time of
diagnosis and surgical events.
The strengths of our study are that we were able
to distinguish between modifiable and non-modifiable
factors that impact disease behavior in CD. Modifiable
factors like preventing exposure to smoking and early
use of immunomodulators and TNF antagonists are
well recognized but it is important to highlight their role
in prevention of aggressive disease behavior. The nonmodifiable factors like GM-CSF cytokine bioavailability
and carriage of risk alleles for ATG16 L1 can be used
to profile patients that may benefit from top-down
therapy or alternatively newer more targeted therapy.

of 96% patients underwent initial Ileocecal resection (ICR) or Ileal resection (IR)
and subsequently 40% of patients required a second ICR/IR for CD. GM-CSF
Ab level was elevated at a median of 3.81 mcg/mL. Factors predicting faster
time to a second surgery included elevated GM-CSF Ab and elevated GM-CSF
cytokine. Factors predicting longer duration between first and second surgery
included use of Immunomodulators, the interaction effect of low GM-CSF Ab
levels and smoking, and the interaction effect of low GM-CSF cytokine levels
and ATG16L1.

Research conclusions

In this study patients with elevated GM-CSF Ab had shorter intervals between
the first and second surgery for management of CD. This is the first study to
describe this. Therefore routine surveillance of this serological assay may
facilitate the identification of patients at risk for disease complications and allow
clinicians to optimize medical therapy.

Research perspectives

Elevated GM-CSF Ab is a reliable assay for defining patients who are at a
greater risk for surgery. A clinical assay is needed.
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ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Crohn’s disease (CD) is a chronic inflammatory disease is characterized by a
transmural inflammation that targets any region of the gastrointestinal tract. The
transmural involvement particularly involving the ileum, often leads to fibrosis,
luminal narrowing, and fistulas. In one population based cohort study of adult
patients with CD, the cumulative probability of major abdominal surgery was
38% to 58% within 5 to 20 years after diagnosis. Further, disease recurrence
resulting in a second surgery for management of CD may occur in 31% to
50% of patients within 10 years of the initial surgery. There remains a need for
serological and genetic markers that can reliably identify patients with increased
risk for surgical recurrence.

REFERENCES
1

2

Research motivation

Granulocyte macrophage colony-stimulating factor (GM-CSF) is a cytokine
that promotes myeloid cell development and maturation. Deficiency of this
important hematopoietic growth factor can contribute to mucosal inflammation
and immunodeficiency. We and others have previously shown, neutralizing GMCSF auto-antibodies (Ab) are associated with a reduced bioactivity of GM-CSF,
impaired neutrophil bacterial killing, and increased rates of intestinal resection
for ileal CD. In the present study, we examined the predictive capacity of GMCSF Ab in surgical recurrence rates after initial ileocolic resection for ileal CD.
We also evaluated other clinical, serologic and genetic prognostic factors that
might define the subset of patients with shorter time to surgical recurrence.

3

Research objectives

4

The development of biomarkers for diagnosis and prognosis of CD is evolving
and serological assays like ASCA, ANCA, Anti-glycan antibodies and GM-CSF
Ab are important discoveries. Some assays are reliable predictors for diagnosis
and for staging severity. Here we demonstrate that GM-CSF Ab is a reliable
biomarker for characterizing severity and reliably predicts patients at greater
risk for aggressive disease behavior and the need for surgery.

5

Research methods

6

We reviewed 412 patients which included in the study had ileal or ileocolonic
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assessed by the Cox proportional-hazards models.
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Abstract

Institutional review board statement: This study was
reviewed and approved by the Yangpu Hospital Institutional
Review Board.

AIM
To investigate the predictive value of PIK3CA and TP53
mutation status in colorectal cancer (CRC) patients
treated with 5-fluorouracil-based chemotherapy.

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

METHODS
In this study, a total of 315 patients with histologically
proven CRC were enrolled from Yangpu Hospital
affiliated to Shanghai Tongji University between 2007
and 2011. Of these patients, 241 with stage Ⅱ/Ⅲ CRC
received 5-fluorouracil-based adjuvant chemotherapy.
Formalin-fixed paraffin-embedded lesion samples of the
patients with curatively resected CRC were collected.

Conflict-of-interest statement: The authors have no conflicts of
interest to declare.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
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[1]

Next-generation sequencing was performed to identify
somatic gene mutations. The correlation of PIK3CA and
TP53 mutation status with overall survival (OS) was
analyzed using a Cox proportional hazard model and
the Kaplan-Meier method.

cancer worldwide [Ferlay, 2010 #165]. The genesis of
colorectal cancer is a multi-step, multi-gene process,
receiving a great deal of interactive influence from
genetic and environmental factors. Attributed to
advancements in surgical techniques and the popu
larization of chemotherapy and targeted therapy, the
treatment of CRC has rapidly evolved over several
decades. 5-fluorouracil (5-FU)-based adjuvant che
motherapy is regarded as a first-line chemotherapy
in both adjuvant and palliative settings for advanced
CRC. Regrettably, however, a considerable number of
patients not only fail to show an objective response
to first-line chemotherapy treatment but also suffer
[2,3]
from side effects . Hence, studies of the biomarkers
related to clinical outcome are in urgent demand as a
way to identify whether patients benefit from adjuvant
chemotherapy.
At present, the response rate of CRC patients
receiving 5-FU-based adjuvant thermotherapy is approxi
[3-7]
mately 40%-50% , and despite much research on
the prediction of response, it has not been possible
to identify a predictive biomarker as an indicator of
the likely benefit in patients receiving 5-FU-based
adjuvant chemotherapy. Thus, an early, quick, efficient,
and accurate method is of great clinical significance and
value to identify new predictive markers.
It is widely known that the multi-drug resistance
(MDR) to anticancer drugs is the main cause of che
motherapy failure. Recent studies have indicated that
activation of the PI3K/AKT signaling pathway can result
in disturbance of cellular growth, proliferation, and
[8]
survival in a variety of solid tumors and can cause
[9]
MDR of cancer cells through multiple mechanisms .
It is well documented that the effect of the aberrant
regulation of the PI3K/AKT signaling pathway on cell
growth and apoptosis induced by anti-cancer drugs
[10-14]
was observed in vitro and in vivo
. Given the role
of the PI3K/AKT signaling pathway in the development
of resistance to anticancer drugs, it is conceivable that
genetic mutations (such as PIK3CA) in the molecules of
the PI3K/AKT signaling pathway could be a promising
predictive biomarker for chemotherapy efficacy. TP53,
the widely studied tumor suppressor gene which has an
intimate connection with the occurrence and progression
of many tumors in humans, mainly regulates several
cellular processes, including cell cycle regulation,
[15,16]
DNA repair, and apoptosis
. Multiple studies have
bolstered the notion that TP53 is correlated with the
drug resistance of tumor cells and could emerge as a
biomarker with predictive value and potential clinical
[17-20]
utility
. Thus, we proposed that PIK3CA and TP53
mutation status is likely well associated with clinical
outcome in patients undergoing chemotherapy.
In the present study, we evaluated the predictive
value of PIK3CA and TP53 mutation status in CRC
patients undergoing 5-FU-based chemotherapy after
curative surgery and identified subgroups of patients

RESULTS
Among the 241 patients with stage Ⅱ/Ⅲ in this cohort,
the PIK3CA and/or TP53 mutation was detected in 177
patients, among which 54 patients had PIK3CA and
TP53 double mutations. The PIK3CA or TP53 mutation
was not significantly correlated with OS in univariate
and multivariate analyses. Compared with patients
without PIK3CA and TP53 mutations, those with double
PIK3CA-TP53 mutations showed a significantly worse
survival (univariate HR = 2.21; 95%CI: 1.15-4.24; multi
variate HR = 2.02; 95%CI: 1.04-3.91). The PIK3CA
mutation located in the kinase domain showed a trend
toward a shorter OS compared with wild-type tumors
(multivariate HR = 1.56; 95%CI: 1.00-2.44; P = 0.052).
The Kaplan-Meier curve showed that patients harboring
the PIK3CA mutation located in the kinase domain had
a worse clinical outcome than those with wild-type
status (Log-rank P = 0.041)
CONCLUSION
Double mutation of PIK3CA and TP53 is correlated with
a shorter OS in stage Ⅱ/Ⅲ CRC patients treated with
5-fluorouracil-based therapy.
Key words: Overall survival; Colorectal cancer; PIK3CA ;

TP53 ; 5-fluorouracil; Double mutation

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

Core tip: Targeted next-generation sequencing was
used to detect gene mutations rather than mutational
hotspots in the present study. This manuscript is
by far the first to report the predictive value of the
combined mutation status of PIK3CA and TP53 in colo
rectal cancer patients receiving 5-FU-based adjuvant
chemotherapy. Our data revealed that the double
mutation of PIK3CA and TP53 is an independent
predictive factor for overall survival in stage Ⅱ/Ⅲ
patients receiving 5-FU-based chemotherapy.
Li AJ, Li HG, Tang EJ, Wu W, Chen Y, Jiang HH, Lin MB,
Yin L. PIK3CA and TP53 mutations predict overall survival of
stage Ⅱ/Ⅲ colorectal cancer patients. World J Gastroenterol
2018; 24(5): 631-640 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i5/631.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i5.631

INTRODUCTION
Colorectal cancer (CRC) is now the third most common
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who greatly benefited from specific treatment regimens.

sequencer (Thermo Fisher Scientific) for sequencing.
Sequencing data were processed and analyzed on a
bioinformatics analysis server termed as Ion Reporter
[23]
(Thermo Fisher Scientific) .

MATERIALS AND METHODS
Study population

Statistical analysis

In this study, a total of 315 patients with histologically
proven CRC were enrolled from Yangpu Hospital aff
iliated to Shanghai Tongji University between 2007
and 2011. Among these patients, 241 with stage Ⅱ
/Ⅲ CRC received 5-FU-based adjuvant chemotherapy
as a first-line treatment for at least six cycles. Tumor
staging was strictly abided by the TNM classification
of the American Joint Committee on Cancer. Formalinfixed paraffin-embedded (FFPE) lesion samples of the
patients with curatively resected CRC were collected
from the pathology department where the primary
colorectal tumors from the patients in this study were
preserved. Histopathological diagnosis by an experi
enced pathologist was performed for all tissue samples,
and at least 70% of tumor cells could be observed
in the whole section through light microscopy. Any
case that did not meet the experimental standard
was excluded from this study. The clinicopathological
features, including pathologic stage, tumor location,
and date of diagnosis and death, were collected. The
definition of proximal colon cancer included the cecum
and ascending and transverse colon, while tumors
located in the splenic flexure and descending and
sigmoid colon were characterized as distal colon cancer,
and the rectum was defined from the rectosigmoid
junction (the end of the sigmoid colon) to the dentate
line. Written informed consent was obtained from all
participants at the time of study enrollment. This study
was approved by the Medical Ethics Committee of
Yangpu Hospital.

The study endpoint was overall survival (OS), which
was calculated from pathologic diagnosis to death,
regardless of cause. All statistical analyses were
performed using Stata software (version 14.2). We used
Cox proportional hazards models to estimate the hazard
ratios (HRs) of survival adjusted for baseline patient
variables. The Kaplan-Meier method was performed to
generate a survival curve, with significance evaluated
using a log-rank test. Where appropriate, categorical
2
and continuous variables were estimated by the χ test.
P < 0.05 was considered statistically significant.

RESULTS
Patient characteristics

Altogether, 315 CRC patients were enrolled in this
study; 14.6% (n = 46) of them had stage I CRC, while
40.6% (n = 128), 35.9% (n = 113), and 8.9% (n =
28) had stages Ⅱ, Ⅲ, and Ⅳ CRC, respectively. The
clinicopathological features of the study population are
summarized in Table 1. Genomic DNA from FFPE lesion
samples of the patients with curatively resected CRC
was screened for somatic mutations in the PIK3CA and
TP53 genes. Among the 315 patients, the incidence of
PIK3CA and TP53 mutations was 38.4% (n = 121) and
65.1% (n = 205), respectively, while wild type was
detected in 61.6% (n = 194) and 34.9% (n = 110),
respectively. In the study cohort, PIK3CA-mutated
tumors were significantly correlated with proximal
location (P = 0.036), while TP53-mutated tumors were
not significantly associated with any examined clinical
features. The frequency of PIK3CA mutations in the
proximal, distal, and rectum location was 50% (39/78),
38.7% (29/75), and 32.7% (53/162), respectively.
Among the 241 patients with stage Ⅱ/Ⅲ disease
in this cohort, the PIK3CA and/or TP53 mutation was
detected in 177 patients, of whom 54 had PIK3CA
and TP53 double mutations. As reported in Table 1,
mutation status of the PIK3CA and TP53 genes was
comparable according to baseline characteristics. No
significant difference was observed between these
variables and baseline characteristics (Table 1).
For individual sites of PIK3CA mutation, the most
frequent mutation in CRC was the mutation of Glu545Lys
(5.1%), followed by Glu542Lys (2.2%). The most
frequent TP53 mutations included: Arg175His (5.1%),
Arg282Trp (3.5%), Gly245Ser (2.9%), and Arg248Gln
(2.9%) (Table 2).

DNA extraction and targeted next-generation sequencing

Genomic DNA was extracted from FFPE sections of the
315 tumors. The 10-μm-thick sections were subjected
to standard deparaffinization procedures and proteinase
K digestion overnight. Genomic DNA was isolated using
a QIAamp DNA FFPE Tissue kit (Qiagen). All extracted
DNA was quantified with a Qubit 3.0 fluorometer
(Thermo Fisher Scientific) and Bioanalyzer 2100 (Agilent)
[21,22]
before targeted next-generation sequencing
.
Next-generation mutational analysis was performed
using an Ion Torrent platform (Thermo Fisher Scientific)
in CRC and matched normal tissues of 315 patients to
identify somatic gene mutation profile. DNA library was
generated using an Ion AmpliSeq DNA library kit (Thermo
Fisher Scientific). According to the manufacturer’s
protocols, 10 ng of DNA was used as the template to
amplify targets with sequencing primer panel (Thermo
Fisher Scientific). Amplified targets were digested with
Fupa enzyme and subsequently ligated with adapters.
The library was quantified with a quantitative PCR
kit and loaded into chips in Ion Chef (Thermo Fisher
Scientific). The chips were loaded into an Ion S5 XL
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Table 1 Patient demographics and disease characteristics n (%)
Clinicopathological
feature
Age (yr)
< 60
60-70
≥ 70
Sex
Male
Female
Tumor location
Rectum
Proximal
Distal
Stage T
T1-T2
T3
T4
Stage N
N0
N1
N2
Stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

PIK3CA

P value

TP53

P value Both PIK3CA and Both PIK3CA and
TP53 wild-type
TP53 mutation

Wild-type

Mutation

Wild-type

Mutation

52 (26.80)
47 (24.23)
95 (48.97)

29 (23.97)
33 (27.27)
59 (48.76)

0.776

31 (28.18)
28 (25.45)
51 (46.36)

50 (24.39)
52 (25.37)
103 (50.24)

107 (55.15)
87 (44.85)

73 (60.33)
48 (39.67)

0.367

67 (60.91)
43 (39.09)

113 (55.12)
92 (44.88)

109 (56.19)
39 (20.10)
46 (23.71)

53 (43.80)
39 (32.23)
29 (23.97)

0.036

53 (48.18)
32 (29.09)
25 (22.73)

109 (53.17)
46 (22.44)
50 (24.39)

34 (17.53)
38 (19.59)
122 (62.89)

26 (21.49)
19 (15.70)
76 (62.81)

0.539

20 (18.18)
21 (19.09)
69 (62.73)

40 (19.51)
36 (17.56)
129 (62.93)

118 (60.82)
55 (28.35)
21 (10.82)

70 (57.85)
35 (28.93)
16 (13.22)

0.785

68 (61.82)
28 (25.45)
14 (12.73)

120 (58.54)
62 (30.24)
23 (11.22)

23 (11.86)
86 (44.33)
70 (36.08)
15 (7.73)

23 (19.01)
42 (34.71)
43 (35.54)
13 (10.74)

0.166

16 (14.55)
47 (42.73)
38 (34.55)
9 (8.18)

30 (14.63)
81 (39.51)
75 (36.59)
19 (9.27)

n (%)

TP53

n (%)

Glu545Lys
Glu542Lys
Val105Ile
Met1004Ile
His1047Arg
Glu218Lys
Trp552Ter
Ser438Phe
Pro835Leu
Asp1029Asn

16 (5.1)
7 (2.2)
6 (1.9)
6 (1.9)
6 (1.9)
6 (1.9)
5 (1.6)
5 (1.6)
5 (1.6)
5 (1.6)

Arg175His
Arg282Trp
Gly245Ser
Arg248Gln
Arg273His
Arg273Cys
Arg248Trp
Ser260Phe
Glu358Lys
Pro153Ser

16 (5.1)
11 (3.5)
9 (2.9)
9 (2.9)
8 (2.5)
7 (2.2)
7 (2.2)
6 (1.9)
6 (1.9)
5 (1.6)

0.733

26 (31.33)
20 (24.10)
37 (44.58)

22 (28.57)
18 (23.38)
37 (48.05)

33 (21.29)
42 (27.10)
80 (51.61)

0.500

0.322

47 (56.63)
36 (43.37)

45 (58.44)
32 (41.56)

88 (56.77)
67 (43.23)

0.965

0.426

48 (57.83)
17 (20.48)
18 (21.69)

41 (53.25)
19 (24.68)
17 (22.08)

73 (47.10)
42 (27.10)
40 (25.81)

0.601

0.923

15 (18.07)
17 (20.48)
51 (61.45)

16 (20.78)
11 (14.29)
50 (64.94)

29 (18.71)
29 (18.71)
97 (62.58)

0.884

0.656

53 (63.86)
20 (24.10)
10 (12.05)

45 (58.44)
23 (29.87)
9 (11.69)

90 (58.06)
47 (30.32)
18 (11.61)

0.889

0.948

12 (14.46)
37 (44.58)
27 (32.53)
7 (8.43)

14 (18.18)
28 (36.36)
26 (33.77)
9 (11.69)

20 (12.90)
63 (40.65)
60 (38.71)
12 (7.74)

0.774

Association of PIK3CA mutation in a functional domain
with clinical outcome in stage Ⅱ /Ⅲ CRC patients

In the multivariable analysis of the association of PIK3CA
functional domain mutation with OS, no significant
difference was observed. The results of multivariable
analysis are shown in Table 4. As suggested by the
results, the PIK3CA mutation located in the kinase
domain showed a trend toward a shorter OS compared
with wild-type tumors (multivariate HR = 1.56; 95%CI:
1.00-2.44; P = 0.052). The Kaplan-Meier curve showed
that patients harboring the PIK3CA mutation located in
the kinase domain had a worse clinical outcome than
those with wild-type status (Log-rank P = 0.041; Figure 2).

based adjuvant chemotherapy for at least six cycles as
first-line treatment after operation. In univariate and
multivariate analyses, neither PIK3CA nor TP53 mutation
was significantly correlated with patient survival (Table 3).
The Kaplan-Meier curve showed that patients harboring
the TP53 mutation had a worse clinical outcome than
patients with wild-type status (Log-rank P = 0.046;
Figure 1A), and no association was found between
PIK3CA and clinical outcome (Log-rank P = 0.150;
Figure 1B).

Predictive value of double PIK3CA-TP53 mutations in
stage Ⅱ /Ⅲ CRC patients

DISCUSSION

We assessed the predictive value of double PIK3CATP53 mutations for survival in stage Ⅱ/Ⅲ CRC patients
treated with 5-FU-based chemotherapy according to
the statistical results of Cox proportional hazards and
Kaplan-Meier analyses. Compared with concomitant
PIK3CA and TP53 wild-type tumors, double PIK3CA-
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P value

TP53 mutations were a significantly poor predictive
factor for OS (univariate HR = 2.21; 95%CI: 1.15-4.24;
multivariate HR = 2.02; 95%CI: 1.04-3.91) (Table
3). In contrast, no association was found between
the mutational status of a single gene, either PIK3CA
or TP53, and OS (P = 0.629; Table 3). The KaplanMeier curve showed a shorter OS in patients harboring
double PIK3CA and TP53 mutations compared with
concomitant PIK3CA and TP53 wild-type patients (Logrank P = 0.034; Figure 1C).

Table 2 Top ten mutations of PIK3CA and TP53 in this study
PIK3CA

Others

CRC is one of the most common malignancies. Despite
much research on biomarkers in patients with cancer,
the number of biomarkers with predictive value and
[24-27]
potential clinical utility is pitifully small
. Moreover,
co-occurring genetic alterations have been detected
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Table 3 Univariate and multivariate analyses (Cox proportional hazards model) of OS for patients with stage Ⅱ/Ⅲ CRC treated
with 5-FU-based chemotherapy according to PIK3CA and/or TP53 mutation status n (%)

PIK3CA
Wild-type
Occasional
Recurrent
TP53
Wild-type
Occasional
Recurrent
PIK3CA and TP53
Both PIK3CA and TP53 Wild-type
Both PIK3CA and TP53 Mutation
Others

Alive

Dead

Univariate HR (95%CI)

P value

Multivariate HR (95%CI)

P value

114 (73.08)
5 (55.56)
48 (63.16)

42 (26.92)
4 (44.44)
28 (36.84)

1 (Ref.)
1.93 (0.69-5.39)
1.50 (0.93-2.42)

0.208
0.096

1 (Ref.)
1.40 (0.49-4.05)
1.29 (0.79-2.11)

0.530
0.314

63 (74.12)
32 (80.00)
72 (62.07)

22 (25.88)
8 (20.00)
44 (37.93)

1 (Ref.)
0.80 (0.35-1.79)
1.65 (0.99-2.76)

0.583
0.055

1 (Ref.)
0.84 (0.37-1.94)
1.68 (0.98-2.87)

0.687
0.057

49 (76.56)
31 (57.41)
87 (70.73)

15 (23.44)
23 (42.59)
36 (29.27)

1 (Ref.)
2.21 (1.15-4.24)
1.31 (0.72-2.40)

0.017
0.376

1 (Ref.)
2.02 (1.04-3.91)
1.16 (0.63-2.16)

0.037
0.629

Occasional mutation was defined as a single tumor with mutation of PIK3CA or TP53, while recurrent was mutations detected in two or more tumors. HR:
Hazard ratio; 95%CI: 95% confidence interval; OS: Overall survival; CRC: Colorectal cancer.

B

100

Log rank P = 0.046

90

Event-free survival (%)

Event-free survival (%)

A

80
70
60

TP53 wild-type
TP53 recurrent mutation
TP53 occasional mutation

50
40
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15 20
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35
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45
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55 60
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Event-free survival (%)

Log rank P = 0.150
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100
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Log rank P = 0.034
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Both PIK3CA and TP53 wild-type
Both PIK3CA and TP53 mutation
Others
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Figure 1 Kaplan-Meier survival analysis for overall survival in patients with stage Ⅱ/Ⅲ colorectal cancer according to TP53 mutation status (A); PIK3CA
mutation status (B); and PIK3CA and TP53 mutation status (C).
[28]

in multiple malignancies . In the present study,
we evaluated two biomarkers with predictive value
to identify subgroups of patients who would greatly
benefit from 5-FU-based chemotherapy. We found that
the double mutation of PIK3CA and TP53 was greatly
associated with worse clinical outcomes in 241 stage
Ⅱ/Ⅲ CRC patients receiving 5-FU-based adjuvant
chemotherapy. In contrast, mutations in PIK3CA or
TP53 alone had no effect on the OS of CRC patients.
Although mutations in these two genes have been
widely researched, the present study is by far the first
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to report the predictive role of the combined mutation
status of PIK3CA and TP53 in CRC patients. Targeted
next-generation sequencing was used to detect gene
mutations rather than mutational hotspots in the present
study. The frequencies of PIK3CA and TP53 mutations
were 35% (85/241) and 65% (156/241), respectively,
which are consistent with previously published studies
reporting PIK3CA and TP53 mutations in 10%-32%
and 40%-60% of CRC patients, respectively, in Western
[29-32]
studies
. The present results are consistent with
those of two previous studies, showing that the proximal
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Table 4 Association of PIK3CA functional domain mutations with overall survival in stage Ⅱ/Ⅲ CRC patients n (%)
Domain
Kinase domain
Wild-type
Mutation
C2 domain
Wild-type
Mutation
Helical domain
Wild-type
Mutation
p85 binding domain
Wild-type
Mutation
Ras binding domain
Wild-type
Mutation

Alive

Dead

Multivariate HR (95%CI)

P value

116 (60.42)
23 (46.94)

76 (39.58)
26 (53.06)

1 (Ref.)
1.56 (1.00-2.44)

0.052

118 (58.71)
21 (52.50)

83 (41.29)
19 (47.50)

1 (Ref.)
1.13 (0.68-1.86)

0.638

110 (59.14)
29 (52.73)

76 (40.86)
26 (47.27)

1 (Ref.)
1.30 (0.83-2.05)

0.248

127 (57.73)
12 (57.14)

93 (42.27)
9 (42.86)

1 (Ref.)
1.05 (0.53-2.08)

0.894

123 (58.57)
16 (51.61)

87 (41.43)
15 (48.39)

1 (Ref.)
1.27 (0.73-2.20)

0.404

HR: Hazard ratio; 95%CI: 95% confidence interval.

Event-free survival (%)

tumor suppressor genes is important in the research
[44]
of cancer . TP53 could serve as a potential biomarker
for prognosis with potential predictive value and
clinical utility. However, the controversial results of the
available literature make it difficult to achieve a chorus
[45-49]
of approval
. Several studies have shown that
the TP53 status was an independent predictive factor
[47,50,51]
for responses to 5-FU
, although other studies
[46]
showed null association . Many reasons account for
these discrepant results, such as lack of reproducibility,
underpowered robust statistical analysis, poor study
design, and general methodological differences. There
is no consensus on whether or not TP53 emerges as
a critical selection criterion to predict chemotherapy
efficacy in CRC patients. Interestingly, our results
showed that no association was found between clinical
outcome and TP53 status in univariate and multivariate
analyses. Based on the results of the Kaplan-Meier
curve, patients with wild-type TP53 had a significantly
prolonged survival compared to those harboring the
TP53 mutation.
The effect of a single gene variation as a predictive
biomarker is often modest, but sometimes an additive
or powerful predictive effect can be achieved by combin
ing multiple gene alterations with the same function.
Indeed, gene alteration of PIK3CA or TP53 can result in
cell apoptosis and drug-resistance of tumor cells through
activating specific signaling pathways. Recent studies
have reported that PIK3CA expression was correlated
with the expression of MDR-1 (encoding the MDR[52,53]
associated protein P-glycoprotein)
. Additionally, the
up-regulation of MRP-1 (encoding the MDR-associated
protein) induced by the activation of PI3K could cause
[54]
the chemoresistance of cells in prostatic carcinomas .
This same regulatory mechanism also occurred in TP53,
as studies have shown that wild-type TP53 could serve
[18,55]
as a negative regulator of both MDR-1 and MRP-1
,
implicating potential associations of combined PIK3CA

Log rank P = 0.041

100
90
80
70
60

PIK3CA wild-type
PIK3CA mutation in kinase domain

50
40
0

5

10

15 20

25

30

35

40

45

50

55 60

Overall survival (mo)

Figure 2 Kaplan-Meier survival analysis for overall survival according to
the PIK3CA kinase domain mutation status in stage Ⅱ/Ⅲ patients.

colon showed a higher frequency of PIK3CA mutations
[33,34]
than any other sites
.
Several studies on the predictive roles of the PIK3CA
[35-37]
mutation for response have been published
. A
meta-analysis showed that the PIK3CA mutation in
KRAS wild-type patients with metastatic CRC could
predict responses to anti-EGFR monoclonal antibody
[38]
therapy , while another study identified the PIK3CA
[39]
mutation in exon 20 . Moreover, recent studies have
suggested that the PIK3CA mutation might serve as
a predictive biomarker for adjuvant aspirin therapy in
[40,41]
CRC
. Thus, the PIK3CA mutation has a plausible
role as a predictive marker for response to drugs. In
clinical studies, there was no evidence that a mutation
in PIK3CA was associated with 5-FU-based treatment
[42]
benefits in colorectal cancer . The present results
are consistent with those of a previous study, showing
that PIK3CA was limited as a marker for predicting
responses to 5-FU-based treatment in CRC.
The inactivation of tumor suppressor genes plays a
[43]
key role in tumorigenesis . Obviously, the detection
of TP53 status in view of one of the most common
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chemotherapy treatment but also suffer from side effects. Therefore, predictive
markers are in urgent demand to identify whether patients can benefit from
adjuvant chemotherapy.

and TP53 with clinical outcomes to comprehend the
value of their combination in predicting the benefit of
patients receiving 5-FU-based chemotherapy. Inter
estingly, the double mutation of PIK3CA and TP53
has previously been correlated with a shorter OS.
Remarkably, multivariate analysis showed that this
correlation was independent of age, gender, stage, and
tumor location, thereby confirming that the combined
analysis of PIK3CA and TP53 mutation status could
become a marker to identify subgroups of patients who
have a poor prognosis and provide valuable information
for more clinical therapy projects.
The PIK3CA gene is divided into five functional
domains: p85 binding domain, Ras binding domain,
[30]
C2 domain, helical domain, and kinase domain .
The main mutation of PIK3CA occurs in exons 9 and
20, corresponding to the helical and kinase domains,
[56]
respectively . Recent studies have shown that patients
treated with anti-EGFR monoclonal antibodies (MoAbs)
and harboring PIK3CA mutations in exon 20 were
significantly associated with worsening outcomes in
[39,57]
KRAS wild-type mCRC
. In the present study, the
Cox proportional hazard model analysis of the effect of
the PIK3CA mutation occurring in the kinase domain
on clinical outcome reached marginally statistical
significance (P = 0.052), whereas the Kaplan-Meier
curve achieved statistical significance (Log-rank P =
0.041; Figure 2). The trend for statistical significan
ce was evident for worsening clinical outcomes with
mutations occurring in the kinase domain.
Thus far, with regard to research on PIK3CA or TP53
mutations, obviously, the tumor samples of patients
with CRC were collected from a single hospital in most
studies, and even for many multi-centered clinical trials,
patients were enrolled on the basis of epidemiological
settings. Similarly, in the present study, we used tumor
samples from a single hospital to reduce selection
bias. Additionally, genetic heterogeneity is a reality of
all tumors and is decreased by limiting the study to
stage Ⅱ/Ⅲ patients receiving the same chemotherapy
regimens. In addition, considering that a small number
of total samples could lead to a less robust statistical
analysis, a large sample size (n = 241) warranted
adequate statistical power in the present study.
In conclusion, the present study suggests that the
double mutation of PIK3CA and TP53 is correlated with
a shorter OS of stage Ⅱ/Ⅲ CRC patients receiving
5-FU-based therapy and hence serves as a novel
biomarker to identify subgroups of patients who have
poor clinical outcome, with potential clinical utility.

Research motivation

Multiple studies have indicated that PIK3CA and TP53 mutation status was
correlated with drug resistance of tumor cells. By analyzing the associations
between mutation status of these two genes and overall survival (OS), we may
be able to identify subgroups of patients who have a poor prognosis, which can
help clinicians make suitable treatment of patients.

Research objectives

The objectives of this study were to detect gene mutations of PIK3CA and
TP53 by using targeted next-generation sequencing (NGS) in a large cohort of
CRC patients, and to investigate the predictive value of the mutational status of
PIK3CA and TP53, alone or in combination.

Research methods

A total of 315 patients with histologically proven CRC between 2007 and
2011 were retrospectively analyzed. Formalin-fixed paraffin-embedded lesion
samples of the patients with curatively resected CRC were collected from
the pathology department. Ten-μm-thick sections from FFPE tumor samples
were used for DNA extraction with a QIAamp DNA FFPE Tissue kit (Qiagen).
Targeted NGS was performed using the Ion Torrent platform to characterize
the mutational spectrum of PIK3CA and TP53 genes. The distribution of gene
mutation according to clinicopathologic variables was analyzed using Chisquare tests. The associations between mutation status of PIK3CA and TP53
and OS were evaluated using Cox proportional hazards models adjusted
for clinicopathologic variables. The Kaplan-Meier method was performed to
generate a survival curve, with significance evaluated using a long-rank test.

Research results

Among the 315 patients, the incidence of PIK3CA and TP53 mutations was
38.4% (n = 121) and 65.1% (n = 205), respectively. A significant difference was
observed in the distribution of PIK3CA mutations according to tumor location (P
= 0.036). The frequency of PIK3CA mutations in the proximal, distal, and rectum
location was 50% (39/78), 38.7% (29/75), and 32.7% (53/162), respectively.
The PIK3CA and/or TP53 mutation was detected in 177 out of 241 patients with
stage Ⅱ/Ⅲ CRC receiving 5-FU-based adjuvant chemotherapy, of whom 54
had PIK3CA and TP53 double mutations. In both univariate and multivariate
analyses, neither PIK3CA nor TP53 mutation was significantly correlated
with OS. In Kaplan-Meier survival curve, patients with TP53 mutation had a
worse clinical outcome than patients with wild-type TP53 (Log-rank P = 0.046).
Compared with patients without PIK3CA and TP53 mutations, those with double
PIK3CA-TP53 mutations had a significantly poorer OS (univariate HR = 2.21;
95%CI: 1.15-4.24; multivariate HR = 2.02; 95%CI: 1.04-3.91). In contrast,
the presence of a single gene mutation, either PIK3CA or TP53, was not
significantly associated with OS. The Kaplan-Meier curve showed that shorter
OS was detected in patients harboring double PIK3CA and TP53 mutations
(Log-rank P = 0.034). In Kaplan-Meier survival curve, patients harboring the
PIK3CA mutation located in the kinase domain experienced a significantly
shorter OS when compared with wild-type status (Log-rank P = 0.041).

Research conclusions

This study is by far the first to report the predictive role of the combined
mutation status of PIK3CA and TP53 in CRC patients receiving 5-FU-based
adjuvant chemotherapy. Our data revealed that the double mutation of PIK3CA
and TP53 is correlated with a shorter OS of stage Ⅱ/Ⅲ CRC patients
receiving 5-FU-based therapy and hence serves as a novel biomarker to
identify subgroups of patients who have poor clinical outcome, with potential
clinical utility.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

5-fluorouracil (5-FU) remains one of the most effective and commonly used
chemotherapeutic agents in both adjuvant and palliative settings for advanced
colorectal cancer (CRC). However, many CRC patients treated with 5-FUbased adjuvant chemotherapy not only fail to show an objective response to
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Core tip: Performing a colonoscopy within the first year
after surgery is now recommended in the management
of postoperative Crohn’s disease (CD) to decrease the
risk of symptomatic recurrence. However, endoscopy
is felt as a burdensome procedure by the patients
highlighting the need for more convenient tools. In
our prospective study from two referral centers, we
showed that faecal calprotectin measurement and
magnetic resonance imaging with Clermont score or
magnetic resonance index of activity calculation are two
reliable tools to detect early endoscopic postoperative
recurrence in CD and could then be an alternative to
colonoscopy.

Abstract
AIM
To assess magnetic resonance imaging (MRI) and
faecal calprotectin to detect endoscopic postoperative
recurrence in patients with Crohn’s disease (CD).
METHODS
From two tertiary centers, all patients with CD who
underwent ileocolonic resection were consecutively
and prospectively included. All the patients underwent
MRI and endoscopy within the first year after surgery
or after the restoration of intestinal continuity [median
= 6 mo (5.0-9.3)]. The stools were collected the day
before the colonoscopy to evaluate faecal calprotectin
level. Endoscopic postoperative recurrence (POR)
was defined as Rutgeerts’ index ≥ i2b. The MRI was
analyzed independently by two radiologists blinded
from clinical data.

Baillet P, Cadiot G, Goutte M, Goutorbe F, Brixi H, Hoeffel
C, Allimant C, Reymond M, Obritin-Guilhen H, Magnin B,
Bommelaer G, Pereira B, Hordonneau C, Buisson A. Faecal
calprotectin and magnetic resonance imaging in detecting
Crohn’s disease endoscopic postoperative recurrence. World J
Gastroenterol 2018; 24(5): 641-650 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v24/i5/641.htm DOI: http://
dx.doi.org/10.3748/wjg.v24.i5.641

RESULTS
Apparent diffusion coefficient (ADC) was lower in
patients with endoscopic POR compared to those with
-3
no recurrence (2.03 ± 0.32 vs 2.27 ± 0.38 × 10 mm²/s,
P = 0.032). Clermont score (10.4 ± 5.8 vs 7.4 ± 4.5,
P = 0.038) and relative contrast enhancement (RCE)
(129.4% ± 62.8% vs 76.4% ± 32.6%, P = 0.007)
were significantly associated with endoscopic POR
contrary to the magnetic resonance index of activity
(MaRIA) (7.3 ± 4.5 vs 4.8 ± 3.7; P = 0.15) and MR
-3
scoring system (P = 0.056). ADC < 2.35 × 10 mm²/s
[sensitivity = 0.85, specificity = 0.65, positive predictive
value (PPV) = 0.85, negative predictive value (NPV) =
0.65] and RCE > 100% (sensitivity = 0.75, specificity
= 0.81, PPV = 0.75, NPV = 0.81) were the best cutoff values to identify endoscopic POR. Clermont score
> 6.4 (sensitivity = 0.61, specificity = 0.82, PPV =
0.73, NPV = 0.74), MaRIA > 3.76 (sensitivity = 0.61,
specificity = 0.82, PPV = 0.73, NPV = 0.74) and a MR
scoring system ≥ MR1 (sensitivity = 0.54, specificity
= 0.82, PPV = 0.70, and NPV = 0.70) demonstrated
interesting performances to detect endoscopic POR.
Faecal calprotectin values were significantly higher in
patients with endoscopic POR (114 ± 54.5 μg/g vs
354.8 ± 432.5 μg/g; P = 0.0075). Faecal calprotectin
> 100 µg/g demonstrated high performances to detect
endoscopic POR (sensitivity = 0.67, specificity = 0.93,
PPV = 0.89 and NPV = 0.77).

INTRODUCTION
Crohn’s disease (CD) is a chronic, progressive and
disabling inflammatory disorder, which can highly
[1-3]
impacts the patients’ quality of life . The natural
course of CD can lead to bowel damages such as
[1-3]
strictures or fistulas requiring surgical management .
Despite an increased use of biologics, surgery is still
warranted in half of the patients within ten years after
[1]
diagnosis . As intestinal resection is not curative,
postoperative recurrence (POR) remains a key issue
in the management of patients with CD. Up to 75% of
the patients experienced endoscopic POR within the
[4]
first year after surgery in referral centers . More than
25 years ago, Rutgeerts and colleagues demonstrated
that the postoperative course of CD is very heterog
[5]
eneous . They proposed a stratification of the patients
according to the early endoscopic findings within the
first year after the surgery, namely the Rutgeerts’
index, to predict the risk of clinical postoperative
[5]
recurrence . Recently, the postoperative Crohn’s endo
scopic recurrence (POCER) trial confirmed previous
retrospective data suggesting that an endoscopy-based
strategy with a therapeutic step-up according to the

CONCLUSION
Faecal calprotectin and MRI are two reliable tools to
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Rutgeerts’ index decreased the risk of clinical POR in CD
[6-10]
patients
. Even though the best threshold to define
[11-13]
endoscopic POR using this index is still debated
,
performing an endoscopy is now recommended for
all the patients with CD within the first year after
[14]
intestinal resection . However, colonoscopy remains
a burdensome procedure for the patients owing to the
bowel cleansing, the general anesthesia and the risk
[15,16]
of complications
highlighting the need to develop
more convenient tools.
In this context, magnetic resonance imaging (MRI)
is more accepted than endoscopy and has shown a
reliable accuracy to detect endoscopic activity in CD
[17-21]
patients
. The magnetic resonance index of activity
[17,18,22]
[20,21,23-25]
(MaRIA)
and the Clermont score
are the
two main MRI scores that have been validated compared
to endoscopy in CD. These two scores demonstrated
high performances to grade CD severity and to evaluate
[19,26]
mucosal healing
. However, the MaRIA and the
Clermont score have not been investigated so far in the
early postoperative course of patients with CD. Only one
Austrian group has hitherto proposed an index, so-called
the MR scoring system, to detect endoscopic POR. The
authors observed promising results compared to the
Rutgeerts’ index in predicting the risk of clinical POR in
[27,28]
patients with CD
.
Another alternative could be the use of faecal calpro
tectin measurement to predict the risk of clinical POR.
In the last decade, faecal calprotectin demonstrated
very reliable performances to diagnose CD, to assess
[29-40]
disease activity and to predict clinical relapse
.
Recently, a few works reported convincing results on
the use of faecal calprotectin in the early postoperative
[41-44]
phase in CD patients
.
In the present study, we aimed to assess the per
formances of MRI and faecal calprotectin to detect
endoscopic POR within the first year following surgery
in patients with CD.

evaluation was performed for each patient within the
first year after surgery (or after restoration of intestinal
continuity for the patients with temporary ostomy). The
anastomosis was reached by the colonoscope for all
the patients. Patients’ demographics and clinical activity
were collected the same day. We used the Crohn’s
[45]
disease activity index (CDAI) to grade disease activity.
Blood samples were taken prior to the endoscopy
to measure high sensitive serum C-reactive protein
(CRP) level by immuno-nephelometric method (Vista,
Siemens, Berlin, Germany). Stools were collected in the
morning the day before the endoscopy. All the patients
were also evaluated by magnetic resonance imaging
with diffusion-weighted sequences. Colonoscopy and
MRI had to be performed within one month. The choice
of medication to prevent postoperative recurrence was
free and depended on the physician’s decision.

Faecal calprotectin testing

Stools were collected in the morning the day before
the endoscopy to reduce intra-individual variation, and
immediately stored at 4 ℃. The bowel cleansing was
started in all patients after stool collection. Patients
were instructed to transport the stool samples in a
dedicated container at 4 ℃. Faecal samples were im
mediately transferred, upon patient arrival, to the local
Biochemistry Laboratory. Stool cultures were performed
on all inflammatory bowel disease (IBD) samples to
exclude gastrointestinal infection. Calprotectin was
measured using quantitative immunochromatographic
test Quantum Blue High Range (Bühlmann Laboratories
AG, Schönenbuch, Switzerland), according to the
manufacturer’s instructions. All the biochemistry
tests were done by individuals blinded from clinical,
endoscopic and radiological data.

Endoscopy

After bowel cleansing, endoscopy was performed under
anaesthesia with propofol (PROPOFOL DAKOTA PHARM;
Sanofi-Aventis, Paris, France). All colonoscopies were
performed by experienced IBD endoscopists in each
center using column video colonoscopy (QFC L 140;
Olympus, Tokyo, Japan). The endoscopists were blinded
from biochemistry and MRI data. The endoscopic lesions
[5]
were graded using the Rutgeerts’ index as routinely
used in the two IBD units during the postoperative
phase. We defined endoscopic POR as Rutgeerts’ index
≥ i2b. However, we performed also sensitivity analyses
using different cut-off values such as Rutgeerts’ index ≥
i2 or ≥ i3.

MATERIALS AND METHODS
Ethical consideration

The study was performed in accordance with the
Declaration of Helsinki, Good Clinical Practice and app
licable regulatory requirements. Informed consent was
obtained from each patient included in the study. The
study protocol conforms to the ethical guidelines of
th
the 1975 Declaration of Helsinki (6 revision, 2008) as
reflected in a priori approval by the institution’s human
research committee. The study was approved by local
Ethics Committee (#2014/CE 42).

MRI examination

Patients

On the day of MRI, patients had to have been fasting for
at least four h before the examination. An oral ingestion
of 500 mL to 1000 mL of PEG (Fortrans®, Ipsen Pharma,
Paris, France) was used to achieve an adequate
intestinal distension.The MRI imaging examinations with
no bowel cleansing the day before the examination and

All the patients with CD older than 18 years-old, who
underwent a CD-related ileocolonic resection, were
consecutively enrolled in this prospective study. They
were included from two tertiary centers between
January 2014 and December 2016. An endoscopic
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with no colonic distension (no enema) were performed
[20,21,23,24]
as previously described
with a 1.5 Tesla GE
Optima MR 450w (General Electric HealthCare, Fairfield,
CT) in Clermont-Ferrand, France, and with a 1.5 Tesla
Avanto MRC1 (Siemens, Erlangen, Germany) in Reims,
France.

the independent groups (i.e., Rutgeerts’ index) were
performed using chi-squared or Fisher’s exact tests
for categorical variables, and Student’s t-test or MannWhitney test if assumptions of t-test were not met (1)
normality, and (2) assumption of homoscedasticity
studied using Fisher-Snedecor test) for quantitative
parameters. Receiver operating characteristic (ROC)
curves were used to determine the best biomarker
to predict Rutgeerts’ index. The best thresholds were
determined according to biological relevance and to
usually recommended indices reported in literature
(Youden, Liu and efficiency). Sensitivity (se), specificity
(spe) and negative (NPV) and positive predictive values
(PPV) were presented with 95% confidence intervals.
Concordance has been studied using kappa coefficient
and accuracy for categorical parameters. Kappa values
were studied in relation to usual recommendations:
< 0.2 (negligible), 0.2-0.4 (low/weak consistency),
0.4-0.6 (moderate agreement), 0.6-0.8 (substantial/
good agreement) and > 0.8 (excellent agreement).
For quantitative parameters, the concordance was
studied using correlation coefficient, Lin’s concordance
[47]
coefficient and Bland and Altman graph .

MRI analysis

Each examination was interpreted independently by
two radiologists: one experienced IBD radiologist (CH)
[20,21,23,24]
and one junior (PB)
who were blinded from
endoscopy and biochemistry data. The analyses were
focused on the perianastomotic area. The following
characteristics were collected: oedema, ulcers, bowel
wall thickening (mm), adjacent enlarged lymph nodes
(> 8 mm in shortest diameter), comb sign, penetrating
complications (fistula, abscess, phlegmon), and Rela
[17]
tive Contrast Enhancement (RCE) . For quantitative
assessment, the apparent diffusion coefficient (ADC) was
calculated on the ADC map independently in separate
sessions by the two radiologists in the peri-anastomotic
area or in the area of highest signal intensity in the bowel
wall. As previously published, the definition of this area
[20,21,23-25]
was based on the judgment of the radiologist
.
MR scoring system was defined as MR0 (no abnormal
features), MR1 (minimal mucosal changes), MR2 (diffuse
aphtoid ileitis, moderate recurrence), and MR3 (severe
[27,28]
recurrence with trans- and extramural changes)
.
[20,21,23-25]
The Clermont score
was calculated using the
following formula: 1.646 × bowel thickness - 1.321 ×
ADC + 5.613 × oedema + 8.306 × ulcers + 5.039.
The MaRIA was calculated using the following formula
for each of the five segments: MaRIA = 1.5 × wall
thickening (mm) + 0.02 × RCE + 5 × edema + 10 ×
[17,18,22]
ulceration
.

RESULTS
Baseline characteristics of the patients

Overall, 30 CD patients were enrolled in this study.
The main characteristics of these patients are provided
in Table 1. Among them, half of the patients (15/30)
were female and 7 (23.3%) were active smokers.
Mean age and mean disease duration at the time of
inclusion were 34.9 ± 14.1 years and 9.0 ± 9.5 years,
respectively. Fifteen patients presented with pure ileal
involvement (L1 according to Montreal classification),
only one patient (3.3%) had pure colonic location (L2
according to Montreal classification) and 14 patients
had ileocolonic CD (46.7%). Six patients experienced
perianal lesions (21.4%). In the current study, the
patients were treated with no medication (20.0%),
5-ASA (6.7%), thiopurines (56.7%), anti-TNF agents
(20.0%) or several of these drugs for preventing
endoscopic POR. The distribution of the endoscopic
findings according to the Rutgeerts’ index within the
first year of surgery is provided in Figure 1.

Data managing and statistical analysis

Study data were collected and managed using REDCap
electronic data capture tools hosted at Clermont-Ferrand
[46]
University Hospital . REDCap (Research Electronic
Data Capture) is a secure, web-based application de
signed to support data capture for research studies,
providing (1) an intuitive interface for validated data
entry; (2) audit trails for tracking data manipulation and
export procedures; (3) automated export procedures
for seamless data downloads to common statistical
packages; and (4) procedures for importing data from
external sources.
Statistical analyses were performed using Stata
software (version 13, StataCorp, College Station,
United States). The tests were two-sided, with a type
I error set at α = 0.05. Baseline characteristics were
presented as mean ± SD or median (interquartile
range) according to statistical distribution (assumption
of normality assessed using the Shapiro-Wilk test) for
continuous data and as the number of patients and
associated percentages for categorical parameters.
Comparisons of patients’ characteristics between
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MRI parameters in detecting endoscopic postoperative
recurrence

The median interval between surgery and endoscopy
was 6 mo (5.0-9.3) The median interval between
MRI and endoscopy was 14 d (6.5-31). We compared
all the MRI parameters in patients with or without
endoscopic POR. We did not observe any ulceration
among the 30 MRI. The bowel wall was not signi
ficantly thickened in the patients with endoscopic POR
(3.59 ± 1.69 mm vs 2.83 ± 1.55 mm, P = 0.26). The
detection of oedema was not significantly associated
with the occurrence of endoscopic POR (38.5% vs
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detect endoscopic POR: Se = 0.54 (0.29-0.77), Spe =
0.82 (0.58-0.94), PPV = 0.70 (0.42-0.98), and NPV =
0.70 (0.50-0.90) (Figure 2).

Table 1 Characteristics at the time of endoscopy of the 30
patients with Crohn’s disease enrolled in this study n (%)
Patients’ characteristics
Age at diagnosis, (yr), mean ± SD
Disease duration, (yr), mean ± SD
Female gender
Active smokers
Montreal classification
CD location
L1
L2
L3
CD behaviour
B1
B2
B3
Perianal lesions
Therapy to prevent endoscopic POR1
None
5-ASA
Thiopurines
Anti-TNF agent
CDAI, median (interquartile range)
CRP, median (interquartile range)
Faecal Calprotectin (µg/g), median (IQR)

Value

Clinical and biological markers in detecting endoscopic
POR

34.9 ± 14.1
9.0 ± 9.5
15 (50.0)
7 (23.3)

The CDAI was not significantly higher in patients
with endoscopic POR [median values = 80 (51-86)
vs 62 (10-85); P = 0.17] and the performances of
CDAI > 150 to detect endoscopic POR were: Se =
0.08 (0.02-0.36), Spe = 0.94 (0.70-1.00), PPV 0.50
(0.01-0.99) and NPV = 0.56 (0.35-0.75) (Figure 2).
The CRP value was not significantly higher in
patients with endoscopic POR ( 6.2 ± 7.8 vs 3.2 ±
1.6; P = 0.43). Using a ROC curve, we observed the
following performances of CRP level above 5 g/L: Se =
0.31 (0.09-0.61), Spe = 0.88 (0.62-0.98), PPV = 0.67
(0.22-0.96), NPV = 0.61 (0.39-0.80).
Faecal calprotectin values were significantly higher
in patients with endoscopic POR (354.8 ± 432.5
μg/g vs 114 ± 54.5 μg/g; P = 0.0075) (Figure 2).
Using a ROC curve, we found that the cut-off value
of faecal calprotectin > 100 µg/g demonstrated high
performances to detect endoscopic POR [Se = 0.67
(0.39-0.86), Spe = 0.93 (0.66-1.00), PPV = 0.89
(0.68-1.00) and NPV = 0.77 (0.56-0.97) and accuracy
0.80 (0.66-0.96)] (Figure 2). The exclusive measure
of faecal calprotectin level in the postoperative setting
would have been able to adequately stratify patients
as having no sign of endoscopic POR in most of the
patients and therefore might allow in our cohort
avoiding 13 colonoscopies i.e. 43.3% of the total
number (13 true negative patients). However, it would
have missed 4 false negative patients (13.3%).
We did not observe any improvement of perfor
mances to detect endoscopic POR with concomitant or
successive use of MRI and faecal calprotectin (data not
shown).

15 (50.0)
1 (3.3)
14 (46.7)
1 (3.3)
16 (53.3)
13(43.3)
7 (23.3)
6 (20.0)
2 (6.7)
17 (56.7)
6 (20.0)
78 (26-86)
2.9 (2.9-3.9)
100 (100-136)

1

The patients were treated with one or several of these medications. CD:
Crohn’s disease; POR: Postoperative recurrence; TNF: Tumor Necrosis
Factor; CDAI: Crohn’s disease activity index; CRP: C-reactive protein.

11.8%, P = 0.19). The value of ADC was lower in
the patients with endoscopic POR compared to those
with no recurrence (2.03 ± 0.32 vs 2.27 ± 0.38 ×
-3
10 mm²/s, P = 0.032). The Clermont score (10.4 ±
5.8 vs 7.4 ± 4.5, P = 0.038) and the RCE (129.4% ±
62.8% vs 76.4% ± 32.6%, P = 0.007) were increased
in the patients with endoscopic POR. In contrast,
MaRIA 7.3 ± 4.5 vs 4.8 ± 3.7; P = 0.15) was not
significantly higher in the patients with endoscopic
POR. The proportion of patients with endoscopic POR
was 30.0%, 71.4% and 66.7% in the patients with
MR scoring system MR0, MR1 and MR2, respectively
(P = 0.11). However, the proportion of patients with
endoscopic POR seemed to be higher in the patients
with MR scoring system MR1 and MR2 vs MR0 (53.8%
vs 17.6%, P = 0.056).
Using ROC curves, we determined that a value of
-3
ADC < 2.35 × 10 mm²/s [Se = 0.85 (0.38-0.86),
Spe = 0.65 (0.55-0.98), PPV = 0.85 (0.55-0.98), NPV
= 0.65 (0.38-0.86)] and a value of RCE > 100% [Se
= 0.75 (0.46-0.91), Spe = 0.81 (0.56-0.91), PPV =
0.75 (0.46-0.91), NPV = 0.81 (0.56-0.91)] were the
best cut-off values to identify endoscopic POR (Figure
2). We showed also that a Clermont score > 6.4 [Se =
0.61 (0.35-0.82), Spe = 0.82 (0.58-0.94), PPV = 0.73
(0.47-0.95), NPV = 0.74 (0.46-0.95)] and a MaRIA >
3.76 [Se = 0.61 (0.35-0.82), Spe = 0.82 (0.58-0.94),
PPV = 0.73 (0.46-0.98), NPV = 0.74 (0.46-0.96)]
demonstrated interesting performances to detect
endoscopic POR (Figure 2). In addition, a MR scoring
system ≥ MR1 showed the following performances to
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Sensitivity analysis

We performed the same investigations in using different
cut-off value of Rutgeerts’ index ≥ i2 or ≥ i3. These
results are detailed in Supplementary tables 1 and 2.

Inter-observer variation study

The inter-observer agreement between the two
radiologists was 96.7% for the MR scoring system with
a κ-value of 0.933 ± 0.139. We observed substantial
concordances (Lin’s concordance coefficient with
95% confidence interval) between the two readers
regarding bowel thickness [0.97 (0.94-0.99)], ADC [0.71
(0.53-0.89)], RCE [0.73 (0.55-0.91)], Clermont score
[0.990 (0.98-1.00)], and MaRIA [0.99 (0.98-1.00)]. We
calculated the median relative variation of ADC [6.5%
(5.1-11.0)], RCE [15.0% (8.8-25.5)], Clermont score
[9.5% (4.5-9.5)], and MaRIA [9.6% (5.3-13.6)]. The
inter-reader agreement was 96.7% using a cut-off value
of MaRIA of 3.76 (κ = 0.92 ± 0.18) and 93.3% using a
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Figure 1 Distribution of the endoscopic findings according to the Rutgeerts’ index within the first year of surgery in 30 patients with Crohn’s disease.

threshold of Clemont score above 6.4 (κ = 0.86 ± 0.18)
(no significant difference between the two scores).

likelihood of reappearance of symptoms in the five
years following the surgery was 40% in i2-patients
and more than 75% in i3- or i4-patients compared to
[5]
less than 15% in patients with Rutgeerts’ index ≤ i1 .
However, the debate is currently growing regarding
this definition owing to the heterogeneity of the i2subgroup encompassing several conditions such as
more than five aphthous lesions with normal mucosa
between the lesions, or skip areas of larger lesions or
ulcers up to 1 cm confined to ileocolonic anastomosis.
The characterization of the lesions confined to the
anastomosis is a problem in daily practice as it is
sometimes difficult to exclude alternative diagnosis
such as post-surgical or ischemic consequences. Then,
the i2-group is now divided into two subgroups i.e.
i2a (lesions confined to the anastomosis) and i2b
(more than 5 aphthous lesions with normal mucosa
between the lesions, or skip areas of larger lesions).
Two teams attempted recently to show a different
course of the disease between these two subgroups
[11,12]
(i2a vs i2b) but failed to do so
. Unfortunately,
this question should be very difficult to figure out as
a step-up therapeutic strategy is performed in almost
all the patients with endoscopic lesions classified as
i2a and i2b. Consequently, investigating the natural
history of this subgroup of patients will be probably no
longer possible. Although it is still matter of debate,
we decided to define endoscopic POR as a Rutgeerts’
index ≥ i2b but we performed a sensitivity analysis
using other thresholds including Rutgeerts’ index ≥ i2.
To date, only one team studied the potential role
of MRI to replace early endoscopic evaluation in CD
[27,28]
patients who underwent ileocolonic resection
. They
arbitrarily created the MR scoring system dedicated
to the postoperative phase as: MR0 (no abnormal
features), MR1 (minimal mucosal changes), MR2 (diffuse
aphtoid ileitis, moderate recurrence), and MR3 (severe
[28]
recurrence with trans- and extramural changes) .
The authors observed a good interobserver agreement
between the MR scoring system and the Rutgeerts’

DISCUSSION
In this prospective study, we showed, for the first time
in the same cohort that faecal calprotectin and MRI
are two reliable alternative tools to detect endoscopic
POR with CD. In addition, MRI parameters including
Clermont score, MaRIA and MR scoring system
demonstrated substantial inter-reader agreement.
As surgery is not curative in CD and the rate of
endoscopic POR can reach more than 75% within the
[4]
first year after the surgery in some referral centers ,
the prevention of POR remains a major concern for
the IBD physicians. Recently, the data retrieved from
the POCER trial confirmed the positive impact of a
tailored therapeutic management based on the early
endoscopic findings (within the first year following
the intestinal resection) compared to a monitoring
[6]
based on clinical activity . A lower rate of endoscopic
POR at 18 mo was observed in the active care arm
compared to the control group (49% vs 67%, P =
[6]
0.03) . Then, performing an endoscopic evaluation
within the first week following the surgery (or the
restoration of intestinal continuity) is recommended in
patients with CD. However, the colonoscopy is felt as a
burdensome procedure by most of the patients leading
some of them to deny performing this examination.
This observation highlights the need to develop more
convenient tools for these patients. A nationwide survey
including 916 IBD patients recently reported that
stools collection for faecal biomarkers and MRI were
considered as more acceptable than colonoscopy by CD
[15]
patients . Accordingly, investigating the performances
of faecal calprotectin and MRI to detect endoscopic POR
seemed highly relevant.
The early endoscopic evaluation is performed
[5]
using the Rutgeerts’ index . The usual definition of
endoscopic POR is a Rutgeerts’ index ≥ i2 as the
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1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
CDAI > 150
Sensitivity
Specificity
Positive predictive value
Negative predictive value

0.08
0.94
0.50
0.56

CRP > 5

Faecal calprotectin

0.31
0.88
0.61
0.67

> 100
0.67
0.93
0.89
0.77

ADC < 2.35
0.85
0.65
0.65
0.85

RCE > 100%

Clermont score

0.75
0.81
0.75
0.81

> 6.4
0.61
0.82
0.73
0.74

MaRIA > 3.76 MR scoring system
0.61
0.82
0.73
0.74

≥ MR1
0.54
0.82
0.70
0.70

Figure 2 Performances of clinical, biological and magnetic resonance imaging parameters to detect endoscopic postoperative recurrence within the first
year after surgery in patients with Crohn’s disease.

index (agreement rate = 77.8% and κ = 0.67). AMR
scoring system ≥ MR2 showed a trend to be predictive
[27]
of a higher risk of clinical POR (P = 0.09) . In our
cohort, the MR scoring system demonstrated a clear
trend to be able to detect the occurrence of endoscopic
POR (53.8% vs 17.6%, P = 0.056). However, we did
not find the same threshold (≥ MR1 rather than ≥
MR2). It could be partly explained by the very high level
of severe endoscopic POR in the Austrian cohort i.e. 5
patients with i3 (16.7%) and 14 patients with i4 (46.7%)
contrary to ours: 5 patients with i3 (16.7%) and 2
patients with i4 (6.7%). In our study, we investigated,
for the first time, the potential role of each individual
MRI item to detect endoscopic POR. We observed that
the bowel thickness was not a reliable parameter to
distinguish patients with or without endoscopic POR,
which is not surprising, as a mildly thickened bowel wall
can be seen in CD patients after surgery even in the
absence of endoscopic recurrence. We also observed
that the presence of oedema was not significantly
different between the two groups (38.5% vs 11.8%, P
= 0.19). Finally, we did not observe any severe lesions
on MRI such as ulcerations, fistula or stenosis, which is
in line with the early stage of the disease within the first
year following the surgery.
[17-19,22]
[19-21,23,24,48]
The MaRIA
and the Clermont score
are the two available MRI scores validated against
endoscopy to assess ileocolonic activity in patients
with CD. We investigated the performances of these
two validated scores to detect endoscopic POR. We
observed substantial positive (0.73 for both) and
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negative predictive values (0.74 for both) of these
two scores to identify POR. The cut-off values were
lower than those usually used to detect inflammatory
[18,21]
activity in CD
. It is consistent with the fact that
the early postoperative lesions are mostly mild and
limited to the mucosa. The most sensitive MRI features
to detect these minimal shifts are the quantitative
parameters assessing the degree of inflammation such
as the RCE (for the injected sequences) and the ADC
(for the diffusion-weighted sequences), which showed
substantial accuracy to detect endoscopic POR in our
cohort. However, the impact of these quantitative para
meters among the calculation of the MaRIA and the
Clermont score remains limited. Even though RCE and
[49]
ADC demonstrated high inter-reader agreement ,
these items could be two equipment-dependent metric
values, which could be difficult to use alone despite
their substantial performances to detect endoscopic
POR.
Faecal calprotectin is hitherto the most effective faecal
biomarker to assess endoscopic activity in patients with
[29-40]
CD
. Recently, a French prospective study and a
post-hoc analysis of the POCER trial reported that a
level of faecal calprotectin > 100 µg/g was the best
threshold to detect endoscopic POR (Rutgeerts’ index
≥ i2) with high negative predictive value between
[42,43]
91 and 93%
. Then, the authors calculated that
they could avoid from 30% to 47% of unnecessary
[42,43]
colonoscopies
. In our cohort, we also identified a
level of faecal calprotectin > 100 µg/g as the best cutoff value to show an endoscopic POR (Rutgeerts’ index
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Research objectives

≥ i2b). Contrary to the previous study, we observed
a lower negative predictive value (77%) but a higher
positive predictive value (89%). The lower level of NPV
is consistent with the data from a secondary analysis
[50]
of the TOPPIC trial
(88 patients) reporting a NPV of
75% even though they observed in the same time a
low PPV (58%). Concerning the high PPV, it could be
partly explained by the different assays used across
the studies and should be confirmed in other larger
independent cohorts. In our cohort, the use of faecal
calprotectin would have avoided 43.3% of unnecessary
colonoscopy (13 true negative patients/30) but would
have missed 13.3% of recurrences (4 false negative
patients /30). However, we did not observe any severe
endoscopic POR (i3 or i4) among these 4 patients.
Finally, we confirmed that the CDAI and the CRP level
are not accurate enough to monitor patients with CD
within the first months after the surgery.
In the same cohort, we investigated the perfor
mances of faecal calprotectin and MRI. Our study was
not powered to directly compare these two potential
alternatives to colonoscopy and then we did not observe
any significant difference between these two tools.
However, we observed numerically a mild trend favoring
faecal calprotectin. Of course, this result has to be
confirmed in independent larger cohorts before drawing
any conclusion.
The main strengths of our study included its pro
spective design with concomitant evaluation of faecal
biomarker and MRI. In addition, we investigated the
potential impact of each MRI parameter including the
two most validated scores i.e., the MaRIA and the
Clermont score. The main limitation of this study is the
sample size even though our sample size calculation
[27,28]
was based on the two prior Austrian studies
and
then remains one of the larger published so far on the
role of MRI in the postoperative CD.
Faecal calprotectin and MRI are two reliable options
to detect endoscopic POR within the first year after
ileocolonic resection in patients with CD and could be
used as a more convenient tool than colonoscopy.

In this study, we assessed the performances of MRI and faecal calprotectin to
detect endoscopic postoperative recurrence in patients with Crohn’s disease.

Research methods

It was a multicentre prospective observational study.

Research results

ADC < 2.35 × 10 -3 mm²/s (sensitivity = 0.85, specificity = 0.65, positive
predictive value (PPV) = 0.85, negative predictive value (NPV) = 0.65) and RCE
> 100% (sensitivity = 0.75, specificity = 0.81, PPV = 0.75, NPV = 0.81) were the
best cut-off values to identify endoscopic POR. Clermont score > 6.4 (sensitivity
= 0.61, specificity = 0.82, PPV = 0.73, NPV = 0.74), MaRIA > 3.76 (sensitivity
= 0.61, specificity = 0.82, PPV = 0.73, NPV = 0.74) and a MR scoring system
≥ MR1 (sensitivity = 0.54, specificity = 0.82, PPV = 0.70, and NPV = 0.70)
demonstrated interesting performances to detect endoscopic POR. Faecal
calprotectin > 100 µg/g demonstrated high performances to detect endoscopic
POR (sensitivity = 0.67, specificity = 0.93, PPV = 0.89 and NPV = 0.77).

Research conclusions

Faecal calprotectin and MRI are two reliable options to detect endoscopic POR
within the first year after ileocolonic resection in patients with CD and could be
used as a more convenient tool than colonoscopy.

Research perspectives

Additional studies from independent cohorts should be conducted to confirm
these data.
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Dural metastasis from primary gastric adenocarcinoma
has been rarely reported, and its prognosis is very
poor because it frequently leads to acute subdural
hematoma. Here, we describe a case with sequential
spinal and cranial dural metastases from gastric ad
enocarcinoma without subdural hematoma. A 43-yearold woman with gastric adenocarcinoma and wellcontrolled peritoneal carcinomatosis presented with
back pain, right radiating leg pain, left facial palsy, and
hearing loss. Magnetic resonance imaging of the spine

Informed consent statement: Written informed consent for
publication of this case report and associated images was obtained
from the patient.
Conflict-of-interest statement: All the authors have no conflicts
of interests to declare.

WJG|www.wjgnet.com

651

February 7, 2018|Volume 24|Issue 5|

Kim H et al . Dural metastases of gastric adenocarcinoma

and brain revealed dural masses at the lumbosacral
junction with invasion to the L5 and S1 nerve roots and
at the skull base with invasion to the internal auditory
canal. She was treated with local radiotherapy, and her
pain and neurologic symptoms improved after palliative
radiotherapy. This is the first reported case of dural
metastases of gastric adenocarcinoma of the spine
and skull base but with a relatively indolent course and
without subdural hematoma.
Key words: Adenocarcinoma; Gastric; Metastasis; Dura;
Radiotherapy
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Figure 1 Esophagogastroduodenoscopy revealed a 3-cm sized ulcero
fungating mass on the anterior wall of the greater curvature of the gastric
body.

Core tip: Although gastric adenocarcinoma can me
tastasize to almost any organ, metastasis to the dura
mater is rarely reported. Here, we report a rare and
clinically meaningful case of dural metastases to the
spine and skull base from gastric adenocarcinoma
that was treated with palliative local radiotherapy.
This is the first reported case of dural metastases of
gastric adenocarcinoma of the spine and skull base
with involvement of the surrounding structures but
with a relatively indolent course and without subdural
hematoma. Local radiotherapy was effective for the
relief of neurologic symptoms.

treated with palliative local radiotherapy.

CASE REPORT
A 43-year-old woman with metastatic gastric cancer
presented with a 1-wk history of progressively
worsening lower back and radiating right leg pain in
December 2016. Physical examination revealed mild
numbness at the right inner thigh, but there were no
abnormal findings, including sensory abnormalities or
motor weakness in the lower extremities, on physical
examination. She had a history of advanced gastric
adenocarcinoma that was diagnosed in September
2014. Esophagogastroduodenoscopy revealed a 3-cm
sized ulcerofungating mass on the anterior wall of the
greater curvature of the gastric body (Figure 1), and
endoscopic biopsy confirmed a histologic diagnosis
of poorly cohesive carcinoma. A computed tomogra
phy (CT) scan of the abdomen revealed lymph node
enlargement in the perigastric area and no evidence
of metastasis, the clinical stage was determined
as T3N1M0, cStageⅢ. She underwent a subtotal
gastrectomy with D2 lymph node dissection, and the
postoperative pathologic findings were poorly cohesive
carcinoma (pT4aN2M0, pStageⅢB).
The patient was treated with adjuvant capecitabine
and oxaliplatin chemotherapy for 6 mo. However, in
September 2015, she was diagnosed with ovarian
metastasis and peritoneal carcinomatosis. She was
treated with cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy followed by systemic
nd
rd
chemotherapy (2 line paclitaxel and 3 line irinotecan)
until December 2016. Magnetic resonance imaging
(MRI) of the lumbosacral spine revealed an enhancing
dural mass at the lumbosacral junction with invasion
to the right L5 and S1 nerve roots (Figure 2). She was
treated with 3D conformal radiotherapy of 36 Gy in 12
fractions to the lumbosacral junction under a diagnosis
of spinal dural metastasis from gastric adenocarcinoma.

Kim H, Yi KS, Kim WD, Son SM, Yang Y, Kwon J, Han HS.
Sequential spinal and intracranial dural metastases in gastric
adenocarcinoma: A case report. World J Gastroenterol 2018;
24(5): 651-656 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i5/651.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i5.651

INTRODUCTION
Gastric cancer is the fourth most frequent malignancy
and the second most common cause of cancer-related
[1]
death in the world ; it is also the second most frequent
[2]
malignancy in Korea . Although patients with early
gastric cancer can be cured by surgical resection, a
large majority of patients relapse after surgical resection
or are initially diagnosed with metastatic disease. The
most common metastatic sites of gastric cancer are
[3]
the liver, peritoneum, lymph nodes, lung, and bone .
Central nervous system metastasis is a very rare
manifestation of gastric cancer, occurring in 0.16-0.69%
of patients, and mostly consists of brain parenchymal
[4]
metastasis or leptomeningeal carcinomatosis . Dural
metastasis of all central nervous system metastasis
[5-9]
has been rarely reported in cases of gastric cancer .
Here, we report a rare and clinically meaningful case of
dural metastases from gastric adenocarcinoma that was
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A

B

C

Figure 2 Magnetic resonance imaging of the lumbosacral spine. Axial (A, B) and sagittal (C) contrast-enhanced T1-weighted imaging of the spine MRI shows a
focal dural mass with invasion to the right L5 and S1 nerve roots at the L5-S1 level. MRI: Magnetic resonance imaging.

A

B

C

Figure 3 Magnetic resonance imaging of the brain. On axial (A) and coronal (B and C) contrast-enhanced T1-weighted imaging of the brain MRI, a homogenous,
enhancing dural mass is visible at the left cerebellopontine angle cistern (A and B) invading the left trigeminal nerve and internal auditory canal (C). MRI: Magnetic
resonance imaging.

multiple enhancing lesions at the cerebral and cere
bellar hemispheres, and MRI of the spine revealed
enhancing lesions at spinal cord at T1/2 and T10/11
(Figure 4). Moreover, metastatic adenocarcinoma
cells were observed by cerebrospinal fluid cytology.
She was treated with palliative radiotherapy to the
whole brain and intramedullary lesion at T1/2, and
received intrathecal methotrexate chemotherapy.
However, she died of progressive disease 10 mo after
the initial diagnosis of dural metastasis from gastric
adenocarcinoma.

Her lower back and radiating right leg pain abated after
palliative radiotherapy.
At 3 mo later, in April 2017, she presented with
a 2-wk history of a progressively worsening loss of
sensation on the left side of the face and hearing
loss in the left ear. On physical examination, she
showed numbness of the left face and tongue, and
motor weakness of the chewing muscles. Pure-tone
audiometry showed left side deafness. MRI of the
brain revealed an enhancing dural lesion at the left
cerebellopontine angle with extension to the trigeminal
nerve and internal auditory canal (Figure 3). There
was no evidence of other distant metastases upon
CT scan of the thorax, abdomen, and pelvis. She was
treated with intensity modulated radiotherapy of 40
Gy in 10 fractions to the dural mass at the left skull
base under a diagnosis of cranial dural metastasis
from gastric adenocarcinoma. Her left hearing loss did
not improve, but the left facial palsy improved after
palliative radiotherapy.
However, in October 2017, she presented with a
radiating right upper arm pain and headache 8 mo
after the initial diagnosis of dural metastasis from
gastric adenocarcinoma. MRI of the brain revealed

WJG|www.wjgnet.com

DISCUSSION
Dural metastases of extraneuronal malignancies are
[10]
detected in approximately 10% of autopsy cases .
The relatively common neoplasms associated with dural
metastasis are breast, prostate, lung cancer, melano
[11,12]
ma and hematologic malignancies
. However, dural
metastasis in gastric adenocarcinoma has been rarely
[5-9]
reported . Direct extension of bone metastases and
direct hematogenous spread have been proposed as
mechanisms for the spread of extraneuronal malig
[11,12]
nancies to the dura
. Dural metastases are usually
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A
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C

D

Figure 4 Magnetic resonance imaging of the brain and spine. On axial (A) and coronal (B) contrast-enhanced T1-weighted imaging of the brain MRI revealed
multiple enhancing nodules at the cerebral and cerebellar hemispheres. On sagittal contrast-enhanced T1-weighted imaging of the spine MRI revealed eccentric
nodular enhancement at spinal cord at T1/2 (C) and T10/11 (D). MRI: Magnetic resonance imaging.

a late manifestation of the malignant disease, which
contributes greatly to the severity of the prognosis.
The lesions often remain clinically asymptomatic, but
they may become symptomatic due to mass effect or
the accumulation of subdural fluids, including acute or
chronic hematomas and malignant effusion.
The available literature suggests a poor prognosis
for patients presenting with dural metastases, although
this is most likely a reflection of the disseminated
nature of the underlying disease rather than a direct
[11,12]
consequence of dural involvement
. Survival varies
considerably according to the primary tumor type and
the extent of the systemic disease; favorable courses
are generally observed in primary breast, prostate,
renal cell carcinoma, and hematologic malignancy.
Dural metastasis from primary gastric adenocarcinoma
has been rarely reported, and its prognosis is very
poor because the prognosis of metastatic gastric adeno
carcinoma itself is poor and because it frequently leads
[5-9]
to subdural hematoma . The prognosis of subdural
hematoma caused by dural metastasis is extremely poor,
and in most reported cases, the patients died within a
[9]
short period of time .
Several mechanisms have been proposed for the
formation of subdural hematomas associated with dural
metastasis. Obstruction of the dural veins by tumor
cells can cause dilatation of the capillaries in the inner
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areolar layer, followed by rupture and subdural hemorr
hage. Infiltration of the dura by malignant cells can
also induce an angiodesmoplastic reaction, resulting
in the formation of an abnormal neomembrane that is
highly vascular, into which hemorrhage can occur more
[8,9,11]
[13]
easily
. Kunii et al analyzed 51 reported cases of
subdural hematoma and found that the most common
histological type in which subdural hematoma occurred
was adenocarcinoma and the most common primary
tumor site was the stomach. In our case, unlike in the
previously reported cases of dural metastasis from
gastric adenocarcinoma, acute or chronic subdural hema
toma did not develop and the course of the disease was
relatively indolent, as is more commonly seen in breast
or prostate cancer.
No standard of treatment has been clearly defined
for the management of dural metastasis. High-dose
dexamethasone can produce symptom relief even in
the absence of cerebral edema, and evacuation of sym
ptomatic subdural hematoma should be considered.
Surgical resection is rarely performed and is reserved
for single metastatic lesions causing severe symptoms.
Stereotactic radiosurgery or local radiotherapy either
alone or in combination with whole brain radiotherapy
[11,12]
seems to be a safe and effective treatment option
.
Therefore, the therapeutic approach employed should
be chosen based on the individual condition of each
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patient was diagnosed with advanced gastric adenocarcinoma.

patient. In the described case, local radiotherapy was
performed because the systemic cancer was controlled
and there was no subdural hematoma. As a result,
cancer pain and neurologic deficits caused by the dural
mass were effectively controlled.
This case differs in some ways from the previously
reported cases of gastric adenocarcinoma with dural
metastasis. First, this case was not associated with
subdural hematoma or fluid collection. Second, dural
metastases in the previous cases occurred in the dura
mater around the cerebral cortex, but in this case,
metastases occurred sequentially in the dura mater
around the spinal canal and skull base. Therefore,
while in the previously reported cases the main symp
toms were associated with invasion to the underlying
brain parenchyma, resulting in elevated intracranial
pressure, in this case the patient presented with lower
back pain and symptoms associated with trigeminal
nerve palsy. Third, the lesions in this case were spread
widely along the dura mater, and there was invasion
of the surrounding structures. The initial, spinal dural
metastasis caused invasion to the L5 and S1 nerve
roots, resulting in radiating leg pain, and the second,
cranial dural metastasis at the skull base caused
invasion to the internal auditory canal, resulting in
hearing loss.
This is the first reported case of gastric adeno
carcinoma metastasizing sequentially to the dura mater
in the spinal canal and skull base without subdural
hematoma. Although these circumstances are rare,
local radiotherapy may be effective for the relief of
neurologic symptoms in cases of dural metastasis of
gastric adenocarcinoma with an indolent course and
controlled systemic disease.

Treatment

The patient was treated with palliative local radiotherapy.

Related reports

Dural metastasis from primary gastric adenocarcinoma has been rarely
reported, and its prognosis is very poor because it frequently leads to subdural
hematoma. The prognosis of subdural hematoma caused by dural metastasis
is extremely poor, and in most reported cases, the patients died within a short
period of time.

Term explanation

Dural metastasis, also named pachymeningeal metastasis, refers to metastasis
to the dura mater within the craniospinal axis.

Experiences and lessons

Although dural metastasis from primary gastric adenocarcinoma has been
rarely reported, local radiotherapy may be effective for the relief of neurologic
symptoms in cases of dural metastasis of gastric adenocarcinoma with an
indolent course and controlled systemic disease.
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Abstract
AIM
To establish the relationship of protein tyrosine pho
sphatase non-receptor type 2 and 22 (PTPN2/22 )
polymorphisms and mycobacterial infections in Crohn’s
disease (CD).

Supported by the Florida Legislative Grant and the Crohn’s
Disease Grant funded by the State of Florida (in part).
Institutional review board statement: The study was approved
by the University of Central Florida Institutional Review Board
#IRB00001138. Each subject completed and signed a written
consent form before samples were collected. Each subject signed
a written consent form for publication purposes.

METHODS
All 133 subjects’ blood samples were genotyped for nine
single nucleotide polymorphisms (SNPs) in PTPN2/22
using TaqMan™ genotyping, while the effect of the
SNPs on PTPN2/22 and IFN-γ gene expression was
determined using RT-PCR. Detection of Mycobacterium
avium subspecies paratuberculosis (MAP) IS900 gene
was done by nPCR after DNA extraction from the iso
lated leukocytes of each subjects’ blood samples. T-cells
isolated from the patient samples were tested for
response to phytohematoagglutonin (PHA) mitogen or
mycobacterial antigens by BrdU proliferation assays for
T-cell activity.

Conflict-of-interest statement: The authors declare that they
have no competing interests.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

RESULTS
Out of the nine SNPs examined, subjects with either
heterozygous (TC)/minor (CC) alleles in PTPN2:

Manuscript source: Invited manuscript

WJG|www.wjgnet.com

657

February 14, 2018|Volume 24|Issue 6|

Sharp RC et al. PTPN2/22 and Mycobacteria in CD

rs478582 occurred in 83% of CD subjects compared
to 61% healthy controls (p -values < 0.05; OR = 3.03).

ficant role in the pathogenic process of inflammatory
autoimmune disorders. These SNPs affect several
immunity genes, leading to an overactive immune
system. Consequently, self-tolerance mechanisms fail in
a variety of immune cells including T-cells, B-cells, and
[1,2]
antigen-presenting cells . Along with these genetic
defects, environmental factors such as bacterial and viral
infections have also been associated with inflammatory
autoimmune disorders. These factors trigger phe
notypical response to occur in the defected immune
[1-3]
cells . Some of these diseases, such as Rheumatoid
Arthritis (RA), Type 1 Diabetes (T1D), and Crohn’s
Disease (CD), share some of the same genetic SNPs with
[1-4]
each other . An example of regulatory immune genes
that these diseases share SNPs in are in the protein
tyrosine phosphatases non-receptor type 2 (PTPN2) and
[1-5]
type 22 (PTPN22) genes . PTPN2/22 are genes found
more frequently in T-cells, where they encode enzymatic
phosphatase proteins (PTPN2/22) that negatively
[4,5]
regulate the T-cell receptor (TCR) . PTPN2 and its
protein product (PTPN2) are also found in a majority of
epithelial cell types including synovial joint tissue, β-cells,
and intestinal tissues, where they control apoptosis and
[4,5]
chemokine production . SNPs in PTPN2/22 have been
hypothesize to cause a dysregulation of the immune
system that is brought upon by overactive T-cells and
increased pro-inflammatory cytokine production due to
[1-5]
lack of negative regulation .
With a majority of inflammatory autoimmune dis
orders sharing the same genetic pre-dispositions, it is
possible that the pathogenesis of these disorders could
also share some of the same common environmental
[6-10]
triggers with each other as well (Figure 1)
. Recent
studies have shown that Mycobacterium avium
subspecies paratuberculosis (MAP) infections have been
associated with a variety of different inflammatory
[4,11-14]
disorders including CD
. Mycobacterial infections
causes problems in these inflammatory autoi
mmune patients when the patient is genetically pre
disposed, causing the immune system to become
[4,11-14]
dysregulated
. This dysregulation will lead to high
amounts of pro-inflammatory cytokines, production of
autoantibodies, and high amounts of apoptosis occurring
in a variety of cell types, thus leading to chronic inflam
[4,11-14]
mation
.
In addition to sharing the same genetic predis
positions and environmental triggers, many inflam
matory autoimmune disorders share the same medical
treatments as well. For instance, anti-TNF-α therapeutics
such as adalimumab and infliximab are used for RA
[6,7]
and CD . However, anti-TNF-α medications along
with non-steroid anti-inflammatory drugs (NSAIDs),
glucocorticoids, and other disease-modifying drugs
[6-10]
cause several side effects
. These side effects
include osteoporosis, hypertension, GI intolerance,
autoantibodies against medications, and increased
risk of developing opportunistic infections, especially
[6-10]
mycobacterial infections
. With the undesirable

Subjects with either heterozygous (GA)/minor (AA)
alleles in PTPN22:rs2476601 occurred in 16% of CD
compared to 6% healthy controls (OR = 2.7). Gene
expression in PTPN2/22 in CD subjects was significantly
decreased by 2 folds compared to healthy controls
(p -values < 0.05). IFN-γ expression levels were found
to be significantly increased by approxiately 2 folds
in subjects when either heterozygous or minor alleles
in PTPN2:rs478582 and/or PTPN22:rs2476601 were
found (p -values < 0.05). MAP DNA was detected in
61% of CD compared to only 8% of healthy controls
(p -values < 0.05, OR = 17.52), where subjects with
either heterozygous or minor alleles in PTPN2:rs478582
and/or PTPN22:rs2476601 had more MAPbacteremia
presence than subjects without SNPs did. The
average T-cell proliferation in CD treated with PHA
or mycobacteria antigens was, respectively, 1.3 folds
and 1.5 folds higher than healthy controls without any
significant SNP.
CONCLUSION
The data suggests that SNPs in PTPN2/22 affect the
negative regulation of the immune response in CD
patients, thus leading to an increase in inflammation/
apoptosis and susceptibility of mycobacteria.

Key words: Crohn’s disease; PTPN2 ; PTPN22 ; PTPN2/22 ;
Mycobacteria ; single nucleotide polymorphisms
© The Author(s) 2018. Published by Baishideng
Publishing Group Inc. All rights reserved.
Core tip: Knowledge of the pathophysiology of Crohn’s
disease (CD) is vital in the development of new dia
gnosis techniques and treatments for the disease. Our
study involves the investigation of single nucleotide
polymorphisms (SNPs) in protein tyrosine phosphatase
non-receptor type 2 and 22 (PTPN2/22 ) and their
effects on susceptibility to mycobacteria species and
the elevation of pro-inflammatory cytokines. Our data
demonstrates that SNPs in PTPN2/22 lead to less
negative regulation in T-cells and increase susceptibility
to mycobacteria, thus increasing inflammation and
apoptosis in intestinal tissues. Personalized treatment
could be accomplished by genetic testing and antibiotic
treatment for mycobacteria in CD patients.
Sharp RC, Beg SA, Naser SA. Role of PTPN2/22 polymorphisms
in pathophysiology of Crohn’s disease. World J Gastroenterol
2018; 24(6): 657-670 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i6/657.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i6.657

INTRODUCTION
Single nucleotide polymorphisms (SNPs) play a signi
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side effects of these medications, it is important that
inflammatory autoimmune disorders pathogeneses is
thoroughly examined in order to develop more accurate
detection of disease and to develop more personal
treatment with little side effects.
In this study, we focus on the pathogenesis of
CD, where we explore the effect of both the genetic
predisposition of SNPs in PTPN2/22 and the environ
mental trigger of MAP infection. We hypothesize that
SNPs in PTPN2/22 lead to loss of negative regulation in
T-cells and, with a MAP infection, increases production
of pro-inflammatory cytokines such as IFN-γ. This
leads to an increase inflammation and apoptosis in the
intestinal tissues of CD patients.

following manufacturer protocol (Applied Biosystems™).
Briefly, DNA samples and the TaqMan™ SNP Genotyping
Assays mixtures (primers with Vic and Fam fluorophore
attachment) were transferred into a 384-well plate
along with 2 × TaqMan™ Master Mix and 20 × Assay
Working Stock in each well. Plates were treated to an
RT-PCR protocol consisting of 95 ℃ for 10 min for 1
cycle, 92 ℃ for 15 s and 58 ℃ for 1 min for 50 cycles.
The plates were then read for VIC (551 nm) and
FAM (517 nm) fluorescence, where VIC or FAM alone
determined allele 1 or allele 2 in the samples, while VIC
and FAM together determined heterozygous for each
allele in the samples.

PTPN2/22 and IFN-γ gene expression

Gene expression of PTPN2/22 and IFN-γ was per
formed by converting RNA from subjects’ whole
blood samples to cDNA and performing RT-PCR. RNA
from the subjects’ blood samples were isolated from
®
peripheral leukocytes via TRIzol Reagent (Invitrogen)
per manufacturer’s instruction. Briefly, 1.0 mL of whole
blood from subjects’ samples were transferred into a
microcentrifuge tubes and centrifuged for 3000 rpm for
15 min until the leukocytes formed a buffy coat layer,
which was then transferred to new 2.0 mL RNase free
microcentrifuge tubes. Tubes containing the leukocytes
from subjects’ samples were then suspended in 1.0
®
mL of TRIzol , where the tubes were incubated and
gently rocked for 15 min at room temperature. Next,
0.2 mL of chloroform was then mixed in each tube
and then incubated at room temperature for 3 min.
Tubes were then centrifuged at 11400 rpm for 15 min
at 4 ℃, where afterwards the upper aqueous phase
containing RNA was transferred to new 2.0 mL RNase
free microcentrifuge tubes. Next, 0.5 mL of 100%
isopropanol was added to the tubes containing subjects’
RNA samples, where they were incubated at room
temperature for 10 min. Tubes were then centrifuged
at 11400 rpm for 10 min at 4 ℃, where afterwards
the RNA pellets were washed in 1 mL of 75% ethanol.
Washed RNA pellets were then centrifuged for 8700
rpm for 5 min at 4 ℃ and then air-dried until fully dried.
Dried RNA pellets were then suspended in 20 μL of
RNase free H2O and boiled to 60 ℃ for 10 min.
Conversion of RNA to cDNA was done following the
®
iScript™ Reverse Transcription (Bio-Rad ) manufacturer’
s instruction. RNA concentration from each subjects’
samples were first quantified via NanoDrop ND-1000
®
Spectrophotometer (ThermoFisher Scientific ) and
then diluted to 600 ng of total RNA. Next, diluted RNA
samples were then added to PCR reaction tubes that
contained 0.2 mL PCR reaction, 4 μL of iScript™ Reverse
®
Transcription (Bio-Rad ), and up to 20 μL RNase free
H2O. The PCR reaction tubes then underwent a PCR
protocol consisting of 5 min at 25 ℃, 20 min at 46 ℃
and 1 min at 95 ℃, where the final concentration of
cDNA for each sample was 30 ng/μL.
For the RT-PCR reaction, 1 μL of cDNA (30 ng) was

MATERIALS AND METHODS
Clinical samples

A total of 133 consented CD subjects and healthy
controls donated two to three 4.0 mL K2-EDTA coded
blood tubes for us in this study. The study was approved
by the University of Central Florida Institutional Review
Board #IRB00001138. Each subject completed and
signed a written consent form before samples were
collected. Healthy control subjects completed a
survey that question if said subjects had any medical
abnormality (CD, T1D, RA or “other diseases”). No
healthy control subjects had any type of medical
conditions to the best of their knowledge. The severities
of the CD subjects’ symptoms were scored from
moderate to severe symptoms. The average age of
CD subjects was 39.6 ± 14.3 with a gender ratio of
48.6% male and 51.4% female. The average age of
healthy controls was 30.7 ± 13.4 with a gender ratio
of 41.9% male and 58.1% female subjects. Table 1
lists age, gender and other demographic information
for all CD subjects in this study. From the blood tubes,
the following procedures were done to the samples:
PTPN2/22 genotyping, gene expression profiling,
MAP IS900 nested PCR (nPCR) detection, and T-cell
proliferation assays.

PTPN2/22 genotyping

TaqMan™ SNP Genotyping Assays (Applied Bio
systems™) were used to genotype nine SNPs in
PTPN2/22 from the isolated DNA from subjects’ blood
samples. Samples and reagents were sent to the
University of Florida Pharmacotherapy and Translational
Research Department (Gainesville, FL) to perform
genotyping assays. Out of the nine SNPs, four SNPs
were specific to PTPN2 that includes rs1893217,
rs2542151, rs7234029, rs478582 along with five SNPs
that were specific to PTPN22 that includes rs2476601,
rs2488457, rs33996649, rs34209542, rs2476599.
Briefly, DNA was extracted from whole blood samples
®
using QIAamp DNA Blood Mini Kit (Qiagen™) following
manufacturer’s protocol. TaqMan™ genotyping assays
for PTPN2/22 SNPs were performed on DNA samples
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Table 1 Demographics and results of mycobacterium avium subspecies paratuberculosis presence and frequency of PTPN2:
rs478582/PTPN22:rs2476601 in CD subjects
Sample code
RCS1
RCS2
RCS3
RCS4
RCS5
RCS6
RCS7
RCS8
RCS9
RCS10
RCS11
RCS12
RCS13
RCS14
RCS15
RCS16
RCS17
RCS18
RCS19
RCS20
RCS21
RCS22
RCS23
RCS24
RCS25
RCS26
RCS27
RCS28
RCS29
RCS30
RCS31
RCS32
RCS33
RCS34
RCS35
RCS36
RCS37
RCS38
RCS39
RCS40
RCS41
RCS42
RCS43
RCS44
RCS45
RCS46
RCS47
RCS48
RCS49
RCS50
RCS51
RCS52
RCS53
RCS54
RCS55
RCS56
RCS57
RCS58
RCS59
RCS60
RCS61
RCS62
RCS63
RCS64
RCS65

Gender

Age

Diagnosis

MAP +/-

PTPN2:rs478582

PTPN22:rs2476601

M
F
F
M
F
NA
M
M
F
F
M
M
F
M
NA
F
F
M
M
F
M
M
M
F
F
F
F
M
M
M
M
M
F
M
M
M
F
F
M
F
F
F
F
F
F
F
M
F
M
F
F
F
M
M
F
M
F
M
F
M
F
F
F
F
M

50
25
68
26
56
NA
60
43
54
31
21
25
40
36
NA
25
27
20
25
41
20
40
30
60
39
30
43
30
28
66
53
28
38
44
53
24
51
46
24
63
25
66
27
25
38
26
54
31
56
53
51
23
26
38
31
61
24
57
30
51
55
61
31
56
25

CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD

+
+
+
+
+
+
NA
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
NA
+

TC
TC
TC
CC
CC
TC
TC
TC
CC
TC
NA
CC
TC
TC
CC
TC
TC
TT
CC
TC
TT
TC
TC
TC
TT
CC
CC
TC
TC
TT
TT
TC
CC
CC
TC
TC
TC
TC
CC
TC
TC
TC
TC
TC
TC
CC
TT
TC
CC
TC
TT
TC
TC
TT
TC
TC
TC
CC
TT
CC
CC
TT
TC
TC
NA

GA
GA
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GA
GG
GG
GG
GA
GG
GG
GG
GG
GG
GG
GA
GG
GA
GG
GG
GG
GA
GG
GA
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
AA
GA
GG
GG
GG
GA
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
NA
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RCS66
RCS67
RCS68
RCS69
RCS70
RCS71
RCS72

F
M
F
M
M
M
M

53
30
49
28
26
26
58

CD
CD
CD
CD
CD
CD
CD

+
+
+
+
+

NA
TC
CC
TT
TT
CC
CC

NA
GG
GG
GG
GG
GG
GG

CD: Crohn’s disease; TT: Homozygous major allele/no SNP; TC: Heterozygous allele; CC: Homozygous minor allele; GG: Homozygous major allele/no
SNP; GA: Heterozygous allele; AA: Homozygous minor allele; MAP: Mycobacterium avium subspecies paratuberculosis.

Shared treatments:
• Immunomodulators
(Azathioprine)
• Biologics
(Infliximab)
• etc .

RA

Genetics

HLA-DRB1
CTLA4
CD40
PTPN2/22

T1D

Environmental
Cigarette smoking
Bacterial infections
MAP?

CD

Figure 1 Shared genetic predispositions and environmental triggers between common inflammatory autoimmune disorders. For inflammatory autoimmune
disorders, many share the same treatments and some of the same genetic single nucleotide polymorphisms in specific immunity genes. Thus, it is possible that these
disorders share the same environmental triggers as well, such as Mycobacterium avium subspecies paratuberculosis (MAP) bacterial infection. CD: Crohn’s disease;
PTPN2: Protein tyrosine phosphatase non-receptor type 2; PTPN22: Protein tyrosine phosphatase non-receptor type 22.

added to a 96-well microamp plates along with 10 μL
of Fast SYBR Green Mastermix (ThermoFisher Sci
®
entific ), 1 μL of PrimePCR SYBR Green Assay mix
®
(Bio-Rad ) specific to target gene, and 8 μL of sterile
H2O. For the positive control for the RT-PCR reactions,
the 18s RNA gene was the target to determine if the
reaction work and to obtain baseline CT readings. The
oligonucleotide primers for the 18s RNA gene that were
used for the RT-PCR reaction was the following: forward
primer: 5’-GTA ACC CGT TGA ACC CCA TT-3’ and
reverse primer: 5’-CCA TCC AAT CGG TAG TAG CG-3’.
RT-PCR reactions were performed using the 7500 Fast
Real-Time PCR System (Applied Biosystems®), where
relative gene expression levels were calculated using ∆
CT (sample gene CT reading-18s RNA gene CT baseline
(∆CT)
× 1000).
reading) and using the equation (2

red cell lysis buffer (ammonium chloride solution,
®
G-Biosciences ) to each tube and incubating/gently
rocking for 10 min and then centrifuged at 5000 rpm for
5 min at room temperature. The supernatant from each
subjects’ samples were then removed and the isolated
peripheral leukocyte pellets were re-suspended in TrisEDTA (TE) buffer. The isolated pellets were then cultured
in BD Bactec™ MGIT™ Para-TB medium (Becton,
©
Dickinson and Company ) tubes supplemented with
800 uL of Bactec™ MGIT™ Para-TB Supplement (Becton,
©
Dickinson and Company ) for six months at 37 ℃ in a
BD Bactec™MGIT™ 320 Analyzer (Becton, Dickinson
©
and Company ).
After six months of culturing, subjects’ cultured
samples underwent DNA extraction by using a modified
®
®
DNAzol (ThermoFisher Scientific ) extraction protocol
as follows. A 2.0 mL sampling of culture from each
subjects’ tubes were obtained and pipetted into new
sterile 2.0 mL microcentrifuge tubes. The tubes were
then centrifuged at 13000 rpm for 2.5 min, where
afterwards the supernatant was discarded from the
tubes and the culture pellets were saved. The subjects’
culture pellet tubes were then mixed with 1.0 mL
®
DNAzol reagent and then mixed with 400 μL of 100%
isopropanol. The tubes were then incubated for 15 min
at room temperature followed by centrifugation at 8000
rpm for 6 min, where afterwards the supernatant was

Detection of MAP IS900 DNA

MAP IS900 DNA was detected via nPCR from cultured
peripheral leukocytes that were isolated from the
[15]
subjects’ blood samples as described previously .
Briefly, subjects’ blood sample tubes were centrifuged
for 3000 rpm for 10 min at room temperature, where
the buffy coat layer containing peripheral leukocytes
was present and transferred to new sterile 2.0 mL
microcentrifuge tubes. The peripheral leukocytes were
then washed twice by adding double the volume of
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rs2476599
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Figure 2 Allele frequency in nine single nucleotide polymorphisms in crohn’s disease and healthy control subjects. A: Represents allele frequency of PTPN2
SNPs: rs1893217, rs2542151, rs7234029, rs478582; B: Represents allele frequency of PTPN22 SNPs: rs2476601, rs2488457, rs33996649, rs34209542, rs2476599;
C: Represents haplotype combinations PTPN2:rs478582 and PTPN22:rs2476601. aP < 0.05, healthy vs CD. T-G: Major/major; C-G: SNP/major; T-A: Major/SNP;
C-A: SNP/SNP; SNPs: Single nucleotide polymorphisms; CD: Crohn’s disease; PTPN2: Protein tyrosine phosphatase non-receptor type 2; PTPN22: Protein tyrosine
phosphatase non-receptor type 22.

discarded, leaving a DNA pellet. DNA pellets from the
subjects’ samples were then washed once with 500 μL
®
DNAzol reagent and centrifuged at 8000 rpm for 5
min. Supernatant was then discarded from the tubes
and the DNA pellets were then washed again with 1.0
mL of 75% ethanol, where they were centrifuged at
8000 rpm for 5 min. DNA pellets were then dried after
supernatant was removed via speedvac for 5 min. The
dried DNA pellets were then dissolved in 50 μL of TE
buffer.
MAP IS900 DNA was then detected in each subjects’
samples by the use of our nPCR protocol and nucleotide
[15]
primers as described previously . Subjects were
considered to have MAP presence when a 298 bp band
on a 2% agarose gel is shown after nPCR reaction. The
positive MAP DNA control that was used originated from
our laboratory cultured clinical strain UCF4, which was
isolated from a CD patient. The negative controls for
each PCR step that was used contained all PCR reagents
except for the DNA template used in the reactions.

rpm at room temperature. Separated T-cells from
each subjects’ samples were then found on top of the
density medium layer and were collected into new
sterile 2.0 mL microcentrifuge tubes and washed twice
with PBS with 2% FBS.
Subjects’ isolated T-cells were then plated on a
96-well plate, where T-cell proliferation assays were
done using bromodeoxyuridine (BrdU) labeling pro
®
liferation ELISA kit (Roche Molecular Biochemicals )
[16]
as described previously . To stimulate the subjects’
isolated T-cells, phytohematoagglutunin (PHA) was
used as a positive control mitogen. The test mitogen
used in the T-cell proliferation assays was purified
protein derivative-like (PPD-like) from UCF4 MAP
bacterial cultures that were prepared by purification of
supernatant from sonicated protein extract. Briefly, 1 ×
5
10 isolated T-cells from each subjects’ samples were
transferred in triplicates to 96-well plates and incubated
®
in the following conditions: RPMI-1640 (Sigma-Aldrich )
®
only, PHA (10 μg/mL, Sigma-Aldrich ) or MAP PPDlike (5 μg/mL) along with respected subjects’ plasma.
The plates were then incubated for 72 h at 37 ℃ and
5% CO2 and then labeled with 20 μL/well of BrdU and
incubated again for 24 h at 37 ℃ and 5% CO2. The
T-cell proliferation assay was done through the Roche
[16]
BrdU proliferation ELISA kit as described previously .
Relative T-cell proliferation levels of samples were
compared to the control group (isolated T-cells in RPMI
only) by examining the fold change in the absorbance
reading of each well at 450 nm.

T-cell isolation and proliferation assay

T-cells were fully isolated from subjects’ whole blood
samples by the use of RosetteSep™ Human T-cell
Enrichment Cocktail (StemCell™ Technology) as per
manufacture’s instruction. For the T-cell isolation and
proliferation assays, the entire T-cell populations were
examined in this study and were not segregated by
subpopulations. Briefly, 50 μL/mL of RosetteSep™
Human T-cell Enrichment Cocktail was added to each
subjects’ whole blood samples and was incubated at 20
min at room temperature. Samples were then diluted
with equal volumes of PBS with 2% fetal bovine serum
®
(FBS, Sigma-Aldrich ) and mixed gently. The mixtures
from each subjects’ samples were then layered on top
®
of a Lymphoprep™ (Axis-Shield ) density medium in
a separated tube and centrifuged for 20 min at 2500
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Statistical analysis

Samples were analyzed for significance using unpaired,
two-tailed t-tests; unpaired, two-tailed z-scores; and
odds ratio. GraphPad Prism 7 was used for statistical
analysis and creation of graphs. P-values < 0.05 were
considered significant.
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Figure 3 Relative mRNA expression (2(-∆CT) × 1000) of PTPN2, PTPN22 and IFN-γ. Relative mRNA expression of PTPN2 (A) and PTPN22 (B) in CD and healthy
control subjects. Relative mRNA expression of IFN-γ was correlated with CD and healthy control subjects with either PTPN2:rs478582 (C) or PTPN22:2476601 (D).
IFN-γ: Interferon-γ; CD: Crohn’s disease; PTPN2: Protein tyrosine phosphatase non-receptor type 2; PTPN22: Protein tyrosine phosphatase non-receptor type 22. aP
< 0.05.

autoimmune diseases, we continued to investigate the
[3-5,17-19]
SNP in more detail along with PTPN2:rs478582
.
For PTPN22:rs2476601, CD with either heterozygous
(GA) or minor (AA) alleles were detected in 11/70
(15.7%) subjects, while 4/62 (6.45%) was detected in
healthy controls (OR = 2.7, 95%CI: 0.81-8.98, p-values
> 0.05). Specifically, the heterozygous (GA) alleles
were detected in 10/70 (14.3%) CD compared to the
4/62 (6.45%) of healthy controls, while homozygous
(AA) alleles were rare in all samples.
For confirmation that CD subjects were significant
in having SNP alleles for PTPN2:rs478582 and PTPN22:
rs2476601, determination of haplotype combinations
were done (Figure 2C). Examination of the following
haplotype combinations between PTPN2:rs478582 and
PTPN22:rs2476601 were examined: T-G, C-G, T-A, and
C-A. The T-G haplotype (major/major) was found more
significantly in the healthy controls (21/59 = 35.6%)
than in CD (10/69 = 14.5%, p-values < 0.05). The C-G
haplotype (heterozygous or minor/major) and the C-A
(heterozygous or minor/heterozygous or minor) were
found more in CD (48/69 = 69.6%; 9/69 = 13.0%,
respectively) than in healthy controls (34/59 = 57.6%;
2/59 = 3.39%, respectively). The C-A haplotype was
found more significantly in CD than the healthy controls

RESULTS
PTPN2/22 SNP allele frequency in CD

Allele frequency of the nine SNPs examined in PTPN2/22
found in both CD subjects and healthy controls are
shown in Figure 2. All genotyped samples were found
in Hardy-Weinberg equilibrium. Out of the four SNPs
found in PTPN2 (rs1893217, rs2542151, rs7234029,
and rs478582), rs478582 was significant in the CD,
where heterozygous (TC) or minor (CC) alleles when
examined together were detected in 57/69 (82.6%) in
CD compared to 36/59 (61.0%) healthy controls (OR =
3.03, 95%CI: 1.35-6.84, p-values < 0.05, Figure 2A).
Specifically, the heterozygous (TC) alleles were detected
in 38/69 (55.1%) CD compared to the 28/59 (47.5%)
of healthy controls, while homozygous (CC) alleles
were detected in 19/69 (27.5%) CD compared to 8/59
(13.6%) healthy controls. SNPs rs1893217, rs2542151,
and rs7234029 were found to be not significant in
CD compared to the healthy controls. Out of the five
SNPs specific to PTPN22 (rs2476601, rs2488457,
rs33996649, rs34209542, and rs2476599), none of
SNPs were considered significant in CD compared to the
healthy controls (Figure 2B). However, since PTPN22:
rs2476601 is found significantly in various inflammatory
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Expression of IFN- γ in CD/
Healthy rs478582

0.8

minor (AA) alleles in PTPN22:rs2476601, regardless
of disease, expression of PTPN22 did not change when
compared to the normal (GG) subjects. However, when
examining the CD and healthy control subjects in each
allele group, CD overall had a lower average relative
gene expression of PTPN22. The average relative gene
expression in CD with heterozygous (GA) or minor
(AA) alleles in PTPN22:rs2476601 was significantly
lower (1.58 ± 0.93, n = 6) compared to 3.40 ± 1.19
(n = 4) in healthy controls with similar SNPs (p-values
< 0.05). Specifically, when examining subjects with
heterozygous (GA) alleles in PTPN22:rs2476601, CD
average relative gene expression was 1.48 ± 1.00 (n
= 5), which was significantly lower than the healthy
controls with heterozygous (GA) alleles (3.40 ± 1.19, n
= 4, p < 0.05). Minor (AA) alleles in PTPN22:rs2476601
was rare in all subjects.
Correlation analyses were performed to determine if
expression of relative gene expression of IFN-γ changed
in subjects with PTPN2:rs478582 or PTPN22:rs2476601
(Figure 3C and 3D, respectively). The average relative
gene expression of IFN-γ in CD subjects with the
PTPN2:rs478582 heterozygous (TC) or minor (CC)
allele was 0.41 ± 0.31 (n = 38), which was significantly
higher compared to the CD subjects with normal (TT)
alleles (0.21 ± 0.22, n = 12, p < 0.05). Specifically,
CD subjects with the heterozygous (TC) allele had
significantly higher (0.41 ± 0.31, n = 24, p < 0.05)
IFN-γ relative gene expression than CD subjects with
normal (TT) alleles, while CD subjects with the minor
(CC) alleles had higher gene expression as well (0.40
± 0.31, n = 14). There was no significant change in
IFN-γ relative gene expression in the CD subjects with
the PTPN22:rs2476601 heterozygous (GA) or minor
(AA) alleles. However, in healthy controls, subjects
with the heterozygous (GA) or minor (AA) alleles had a
significantly higher gene expression (0.67 ± 0.28, n = 4,
p < 0.05) than healthy controls with normal (GG) alleles
(0.40 ± 0.21, n = 20).

CD
Healthy

0.4

2

(Δct)

× 1000

0.6

0.2

0.0

-

MAP SNP

-

+
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Figure 4 The effect of both Mycobacterium avium subspecies paratuber
culosis and PTPN2:rs478582 on IFN-γ gene expression in Crohn’s disease and
healthy control subjects. IFN-γ: Interferon-γ; CD: Crohn’s disease; MAP:
Mycobacterium avium subspecies paratuberculosis; SNPs: Single nucleotide
polymorphisms.

(p-values < 0.05).

Relationship of PTPN2:rs478582 and PTPN22:rs2476601
on expression of PTPN2/22 and IFN-γ in CD

(-∆CT)
× 1000) of
The average relative gene expression (2
PTPN2, regardless of SNPs, in CD was significantly lower
(5.27 ± 2.68, n = 38) than in healthy controls (10.5 ±
6.95, n = 30, p-values < 0.05, Figure 3A). Similarly, the
average relative gene expression of PTPN22, regardless
of SNPs, was also significantly lower in CD (1.76 ± 1.12,
n = 38) than in healthy controls (3.24 ± 1.84, n = 30,
p-values < 0.05, Figure 3B). The evaluation of the
effect of PTPN2:rs478582 and PTPN22:rs2476601 on
expression of PTPN2/22 and IFN-γ was determined.
For subjects with either heterozygous (TC) or minor
(CC) alleles in PTPN2:rs478582, regardless of disease,
expression of PTPN2 did not change when compared to
the normal (TT) subjects. However, when examining the
CD and healthy control subjects in each allele group, CD
overall had a lower average relative gene expression
of PTPN2. The average relative gene expression in CD
with heterozygous (TC) or minor (CC) alleles in PTPN2:
rs478582 was significantly lower (5.34 ± 2.77, n = 31)
compared to 10.2 ± 7.15 (n = 21) in healthy controls
with similar SNPs (p-values < 0.05). Specifically, when
examining subjects with heterozygous (TC) alleles in
PTPN2:rs478582, CD average relative gene expression
was 5.22 ± 2.57 (n = 22), which was significantly
lower than the healthy controls with heterozygous (TC)
alleles (10.5 ± 7.15, n = 17, p-values < 0.05). When
examining subjects with homozygous (CC) alleles in
PTPN2:rs478582, CD average relative gene expression
was 5.64 ± 3.37 (n = 9), which was lower than the
healthy controls with homozygous (CC) alleles (8.89 ±
8.03, n = 4).
For subjects with either heterozygous (GA) or
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effect of PTPN2:rs478582 and PTPN22:rs2476601 on
susceptibility of MAP infection in CD

Overall detection of MAP IS900 DNA was found in
CD and healthy control subjects and were correlated
with PTPN2:rs478582 and PTPN22:rs2476601 (Table
2). Out of 70 CD subjects, 43 (61.4%) were positive
for MAPbacteremia compared to only 4/48 (9.33%)
of healthy controls (p < 0.05, OR = 17.5, 95%CI:
5.65-54.3).
Correlation analyses with PTPN2:rs478582 and
PTPN22:rs2476601 along with MAP infection was
done on CD and healthy controls to see if these SNPs
increase MAP susceptibility (Table 2). For CD subjects
with heterozygous (TC) or minor (CC) alleles in PTPN2:
rs478582, 34/56 (60.7%) had MAPbacteremia presence
compared to only 2/30 (6.67%) in healthy controls with
similar SNPs (p < 0.05, OR = 21.6, 95%CI: 4.68-100.1).
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Specifically, CD subjects with heterozygous (TC) alleles
in PTPN2:rs478582 was 25/37 (67.6%) compared to
0/22 (0.00%) in healthy controls with heterozygous (TC)
alleles (p < 0.05, OR = 91.8, 95%CI: 5.14-1640.3).
The CD subjects with heterozygous (TC) or minor (CC)
alleles group (34/56 = 60.7%) and CD subjects with
heterozygous (TC) allele group (25/37 = 67.6%) in
PTPN2:rs478582 had higher MAPbacteremia compared
to CD subjects with normal (TT) alleles (6/12 = 50%).
For CD subjects with heterozygous (GA) alleles in
PTPN22:rs2476601, 3/10 (30.0%) had MAPbacteremia
compared to 0/4 (0.00%) in healthy controls with
heterozygous (GA) alleles (OR = 4.2, 95%CI:
0.17-101.5). Presence of MAPbacteremia was rare in all
subjects with the minor (AA) allele.
Correlation of haplotype combinations of PTPN2:
rs478582 and PTPN22:rs2476601 alleles on sus
ceptibility to MAPbacteremia was analyzed, where
CD subjects with the C-G haplotype (heterozygous or
minor/major) had 31/46 (67.4%) with MAPbacteremia
presence compared to 2/29 (6.90%) of healthy
controls with the C-G haplotype (p-values < 0.05,
OR = 30.0, 95%CI: 6.3-142.6). The T-A haplotype
(major/heterozygous or minor) and the C-A haplotype
(heterozygous or minor/heterozygous or minor) was
rare in all samples. However, CD subjects with the
T-A haplotype had 1/2 (50.0%) with MAPbacteremia
presence compared to the 0/2 (0.00%) in healthy
controls with the T-A haplotype, while CD subjects
with the C-A haplotype had 3/9 (33.3%) with
MAPbacteremia presence compared to the 0/2 (0.00%)
in healthy controls with the C-A haplotype.

27, p-values < 0.05).
The effect of combined MAPbacteremia presence
and either PTPN2:rs478582 or PTPN22:rs2476601 did
not significantly change PTPN2/22 expression in all CD
and healthy control samples. However, when examining
the combined effects of MAPbacteremia presence
and either PTPN2:rs478582 or PTPN22:rs2476601,
the average relative gene expression of IFN-γ does
increase in subjects compared to subjects without
MAPbacteremia presence and no SNPs. For CD subjects
with both MAPbacteremia and heterozygous (TC) or
minor (CC) alleles in PTPN2:rs478582, the average
relative gene expression of IFN-γ was higher (0.40 ±
0.29 n = 22) compared to the CD subjects without
MAPbacteremia and PTPN2:rs478582 (0.23 ± 0.31, n =
5, Figure 4). For CD subjects with both MAPbacteremia
and heterozygous (GA) or minor (CC) alleles in PTPN22:
rs2476601, the average relative gene expression of
IFN-γ was higher (0.42 ± 0.32, n = 4) compared to
the CD subjects without MAPbacteremia and PTPN22:
rs2476601 (0.37 ± 0.31, n = 18).

T-cell proliferation response in CD

T-cell functionality when SNPs and MAPbacteremia
was presented in subjects was determined in five CD
and five healthy control subjects. All five CD subjects
that had their T-cell response tested had SNPs in either
PTPN2:rs478582 and/or PTPN22:rs2476601, while
the five healthy control subjects had no observed
SNPs present. Overall, when the subjects’ T-cells were
treated with PHA, the average overall fold change in
the CD subjects was 2.22 ± 1.36 (n = 5) fold increase
compared to the healthy controls (1.67 ± 0.51 fold
increase, n = 5). Similarly, when the same T-cells
were treated with MAP PPD-like, the average overall
fold change in CD subjects was 2.01 ± 0.79 (n = 5)
compared to the healthy controls (1.39 ± 0.24 fold
increase, n = 5).
Out of the five CD subjects, 3/5 were tested for
having MAPbacteremia presence. When examining
T-cells treated with PHA from CD subjects tested
positive for MAPbacteremia presence, the average
overall fold change was 2.7 ± 1.65 (n = 3) compared
to the CD subjects’ T-cells that were absence of
MAPbacteremia presence and treated with PHA (1.51
± 0.51 fold increase, n = 2). Similarly, when the same
T-cells were treated with MAP PPD-like, the average
overall fold change in CD subjects with MAPbacteremia
was 2.5 ± 0.59 (n = 3) compared to the CD subjects’
T-cells without MAPbacteremia presence (1.27 ± 0.12
fold increase, n = 2).

Relationship of combined MAP presence with PTPN2:
rs478582 and PTPN22:rs2476601 on expression of
PTPN2/22 and IFN-γ in CD

When examining CD and healthy control subjects with
or without MAPbacteremia presence alone, there was no
change in PTPN2/22 and IFN-γ relative gene expression
when examining correlation data. However, PTPN2 was
significantly lower in CD subjects than in the health
control subjects regardless of MAPbacteremia presence
or not. CD subjects who had MAPbacteremia presence
had an average relative gene expression of 5.25 ± 2.58
(n = 21) in PTPN2 compared to the healthy controls with
MAPbacteremia presence (11.9 ± 10.5, n =3, p < 0.05).
CD subjects who had an absence of MAPbacteremia
presence had an average relative gene expression of
5.28 ± 2.87 (n = 17) in PTPN2 compared to the healthy
controls without MAPbacteremia presence (10.3 ± 6.71,
n = 27, p < 0.05). For PTPN22 average relative gene
expression, CD subjects with MAPbacteremia presence
had 1.73 ± 0.97 (n = 21) compared to healthy controls
with MAPbacteremia presence (2.83 ± 1.94, n = 3).
CD subjects without MAPbacteremia presence had an
average relative gene expression of 1.81 ± 1.31 (n
= 17) in PTPN22 compared to the healthy controls
without MAPbacteremia presence (3.29 ± 1.86, n =
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DISCUSSION
The pathogenesis of CD, as with other inflammatory
autoimmune disorders, involves both genetic predisposition leading to higher immune responses
and an environmental trigger that exacerbates the
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immune response. However, with current diagnosis and
treatment, it has been difficult to treat CD symptoms
due to loss of treatment response and many side
[6-10]
effects
. Thus, understanding the key elements of
CD pathogenesis (genetic SNPs and environmental
triggers), it is possible to find new treatment targets for
the disease and new diagnosis techniques as well. CD
pathogenesis is very dependent on the overproduction
of pro-inflammatory cytokines such as TNF-α and
IFN-γ, which promote chronic inflammation, increased
granuloma formation, and increased apoptosis of
[8,9,20,21]
intestinal tissues
. Since the majority of CD
medications are blocking pro-inflammatory cytokines
such as TNF-α and IFN-γ, other types of targets has
[6-10,20,21]
been ignored
. This study is focused on finding
new targets for both diagnosis and treatment of CD,
where we looked into the SNPs of negative regulatory
genes PTPN2/22 and their impact on: increased
production of pro-inflammatory cytokines, apoptosis,
mycobacterial susceptibility, and inflammation. To our
knowledge, this is the first study to look into SNPs in
both PTPN2/22 together along with correlation with
gene expression and MAP susceptibility in CD.
The effect of SNPs in PTPN2/22 in CD pathogenesis
has been highly debated in the literature, thus we
selected nine SNPs that not only was found associated
[4,5,17-19,22-24]
with CD, but with other diseases as well
.
Out of the nine SNPs examined in this study, PTPN2:
rs478582 was found to be significant in CD (p-values
< 0.05, OR = 3.03) compared to the healthy controls
(Figure 2A). Although PTPN22:rs2476601 was found to
not be significant to CD (p > 0.05, OR = 2.7) compared
to the healthy controls, we continued to study the
effects of the SNP along with PTPN2:rs478582 due to
PTPN22:rs2476601 being associated with inflammatory
[3-5,17-19,22-24]
autoimmune diseases in general (Figure 2B)
.
Since a diverse population (no restriction on race,
place of origin, age, or gender) was used in this
study, alterations of allele distribution in the SNPs
could possibly happen due to SNPs overall fluctuating
[3-5,17-19,22-24]
between different population groups
. Further
isolated population studies on PTPN2/22 SNPs in CD
subjects need to be investigated more. Knowledge of
which SNP is more associated with CD could possibly be
used as a diagnosis tool for clinicians when examining
patients with CD like symptoms.
Gene expression of PTPN2/22 correlated with the
SNPs PTPN2:rs478582 and PTPN22:rs2476601 was also
done to determine if the SNPs did change PTPN2/22
levels. Although overall PTPN2/22 expression was
significantly decreased in CD subjects (p < 0.05, Figure
3A and 3B), the SNPs PTPN2:rs478582 and PTPN22:
rs2476601 did not change gene expression between
normal, heterozygous, or minor alleles. However,
IFN-γ gene expression was found significantly higher
in both CD and healthy controls (p < 0.05) along with
an overall increased T-cell activity in subjects that had
heterozygous/minor alleles in either PTPN2:rs478582
and/or PTPN22:rs2476601 (Figure 3C and 3D). These
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Table 2 MAP IS900 nPCR presence and correlation with

PTPN2:rs478582/PTPN22:rs2476601 in clinical subjects
MAP presence
Overall
rs478582
TT
TC
CC
TC + CC
rs2476601
GG
GA
AA
GA + AA
Haplotypes
T-G
C-G
T-A
C-A

Healthy
CD
4/48 (9.33%) 43/70 (61.4%)a

OR (95%CI)
17.5 (5.65–54.3)a

2/17 (11.8%) 6/12 (50%)a
0/22 (0%)
25/37 (67.6%)
2/8 (25%)
9/19 (47.4%)
2/30 (6.67%) 34/56 (60.7%)a

7.5 (1.17-48.2)a
91.8 (5.14-1604.3)a
2.7 (0.43-16.9)
21.6 (4.68-100.1)a

4/59 (6.78%) 33/59 (55.9%)a
0/4 (0%)
3/10 (30.0%)
0/1 (0%)
0/1 (0%)
0/5 (0%)
3/11 (27.3%)

17.6 (5.59-54.4)a
4.2 (0.17-101.5)
1.00 (0.02-92.4)
4.53 (0.19-105.8)

2/15 (13.3%) 5/10 (50.0%)a
2/29 (6.90%) 31/46 (67.4%)a
0/2 (0%)
1/2 (50.0%)
0/2 (0%)
3/9 (33.3%)

6.5 (0.94-45.1)a
30.0 (6.3-142.6)a
5.00 (0.11-220.6)
2.69 (0.1-73.2)

a

P < 0.05 vs healthy.

correlation analyzes shows that the SNPs PTPN2:
rs478582 and PTPN22:rs2476601 may not necessarily
change the regulation of the PTPN2/22 gene, but
could possible disrupt the protein activity of PTPN2/22.
For the PTPN2:rs478582 SNP, a base change (T > C)
in intron 3 occurs, where it is theorized that splicing
[25-28]
problems could occur during the RNA splicing
.
This could lead to loss of activity in the protein once
[25-28]
fully translated
. The PTPN22:rs2476601 SNP is
a base change (G > A) that occurs in exon 14, which
physically changes the amino acid arginine (R) to a
tryptophan (W) on the 620 amino acid residue on
[19,26-28]
the catalytic portion of the PTPN22 protein
. It
has been highly debated what the R620W does to
the PTPN22 protein, but it is suspected to cause the
[19,26-28]
protein to be less active
. Overall, the SNPs
PTPN2:rs478582 and PTPN22:rs2476601 seem to
cause a loss of function in PTPN2/22, thus leading to
less negative regulated T-cells. This will lead to a high
production of pro-inflammatory cytokines, which will
lead to increased inflammation/apoptosis in intestinal
tissues in CD subjects. Other SNPs in PTPN2/22 will
need to be studied further to see if those SNPs will
alter gene expression of PTPN2/22 instead of PTPN2:
rs478582 and PTPN22:rs2476601 just altering protein
activity. Although we only examined the effect of
PTPN2/22 on the expression of IFN-γ , other factors do
control IFN-γ expression and production. These include
cytokines, such as TNF-α and IL-12, which stimulate
T-cell production of IFN-γ and cytokines, such as IL-6
[29]
and IL-10, which decrease T-cell production of IFN-γ .
However, since CD and other inflammatory autoimmune
disorders are T-cell mediated, we focused only on
PTPN2/22 regulation on IFN-γ expression. This is due
to PTPN2/22 ultimately acting as negative regulators of
T-cell activity and thus controlling IFN-γ production from
T-cells. Further investigation of the effect of these other
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Figure 5 Complex interaction of Crohn’s disease pathophysiology. The effect of single nucleotide polymorphisms (SNPs) in Protein tyrosine phosphatase nonreceptor type 2 and 22 (PTPN2/22) and Mycobacterium avium subspecies paratuberculosis (MAP) in a dysregulated immune response in crohn’s disease (CD).

regulatory IFN-γ production cytokines in subjects with
SNPs in PTPN2/22 is needed.
Although the role MAP has been studied in CD
pathogenesis extensively, correlation studies with SNPs
in PTPN2/22 and MAP susceptibility have not been done
[4,9,11-16,20]
before until this study
. Overall, the correlation
analyzes of SNPs in PTPN2/22 and MAPbacteremia
presence showed that the SNPs might have increased
susceptibility in CD subjects (Table 2). Specifically,
60.7% (OR = 21.6, p < 0.05) of CD subjects with
PTPN2:rs478582 SNP (heterozygous or minor group)
had MAPbacteremia presence, while 27.3% (OR
= 4.53) subjects with the PTPN22:rs2476601 SNP
(heterozygous or minor group) had MAPbacteremia.
Limitations however in the detection of MAP IS900 DNA
from the blood of subjects’ samples do not provided the
information that the MAP bacteria is alive or dead, thus
does not show active infection or previous infection.
Further culturing of the blood from the subjects is
necessary to determine live MAP infection in the
subjects examined. The findings found in this study
suggest that SNPs in PTPN2/22 increases susceptibility
to MAPbacteremia, which is possible due to the lack
of negative regulation in the T-cells. Since T-cells
control macrophage activity and mycobacterial species
such as MAP can survive in infected macrophages, it
is important that the T-cells are regulated correctly
[30-34]
in order to prevent MAP infection
. If problems
involving the PTPN2/22 gene regulation or function the
PTPN2/22 protein occurs, T-cells will be overactive and
in turn will make macrophages overactive as well (Figure
[30-34]
5)
. This increased activity of macrophages will
WJG|www.wjgnet.com

not only lead to increased pro-inflammatory cytokines
like TNF-α, but could allow MAP and other intracellular
pathogens to survive and grow faster due to the
[30-34]
increased activation of newer macrophages
. This is
why SNPs in PTPN2/22 and the hyperactivity of T-cells
should increase susceptibility to intracellular pathogens
such as MAP.
To further test if T-cells from the CD subjects with
the PTPN2:rs478582 and the PTPN22:rs2476601
were overactive, we induced isolated T-cells from CD
subjects with either PHA or MAP PPD-like. Although we
did not isolate out total T-cell populations from mucosal
intestinal tissues and instead from peripheral blood
draws, we believe that T-cell proliferation will be the
same regardless of the source of origin. This is possible
due to PTPN2/22 being found in every T-cell population,
regardless of the site of isolation, thus SNPs in PTPN2/22
should affect all T-cells in the body in the same way.
Overall, CD subjects with the SNPs proliferated more
than healthy controls without the SNPs. In addition, CD
subjects who had MAPbacteremia presence and SNPs
in PTPN2/22 proliferated more than CD subjects who
did not have MAPbacteremia presence. These analyzes
showed that for T-cells to become overactive, both
SNPs in PTPN2/22 and the presence of MAPbacteremia
is required to induce the pathogenesis process of CD.
This is further evidence that for the pathogenesis of
any inflammatory autoimmune disorder, both genetic
predisposition and an environmental trigger are
needed to cause disease. Further investigation in gene
expression of pro-inflammatory cytokines produced
(IFN-γ for example) by T-cells after being induced
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proliferation needs to be investigated.

with antigens need to be examined. Along with this,
further investigation of subpopulations of T-cell activity
is needed to determine which T-cell population is more
active in subjects with SNPs in PTPN2/22.
Overall, SNPs in PTPN2/22 lead to overactive T-cell
activity and increased susceptibility to intracellular
pathogens such as MAP. With genetic testing for SNPs
and detection/treatment for mycobacterial infections
such as MAP, it is possible for personalized treatment
of CD to be an option. Further studies in SNPs in
PTPN2/22 and other immunity specific genes need to
be researched and correlated with bacterial infections to
improve CD diagnosis and treatment.

Research conclusions

This study was done in order to provide answers on the pathogenesis of CD.
We have demonstrated that SNPs found in PTPN2/22 are found significantly in
CD subjects and the SNPs have the following effects on the immune system:
increases T-cell proliferation due to loss of negative regulation, increases
pro-inflammatory cytokines such as IFN-γ, and increases susceptibility
to mycobacterial infections. This is further evidence that both a genetic
predisposition and an environmental trigger are needed to cause disease in
inflammatory autoimmune disorders such as CD.

Research perspectives

This study has provided us with new, possible targets that could be used in
diagnosis methods and treatment for CD. With the data found in this study,
the possibility of personalized treatment for CD could be possible with genetic
testing for SNPs and antibiotic treatments for MAP. Further testing for other
immune gene SNPs are needed in order to fully understand the genetic profile
of CD patients. Additional research in MAP’s relationship with CD pathogenesis
is also needed to fully understand the effect of MAP in CD patients.
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ARTICLE
Research background

Single nucleotide polymorphism (SNPs) and environmental triggers have been
associated with a variety inflammatory autoimmune disorders including Crohn’
s disease (CD). Specifically, SNPs in the negative regulatory immune genes
Protein Tyrosine Phosphatase Non-receptor type 2 and 22 (PTPN2/22) have
been associated with CD along with mycobacterial infections. Although both
elements have been examined separately, correlation analysis have not been
done to determine if SNPs in PTPN2/22 along with a Mycobacterium avium
subspecies paratuberculosis (MAP) infections do cause a dysregulation in the
immune system that could lead to CD symptoms.
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Abstract
AIM
To compare health-related quality of life (HRQoL),

Conflict-of-interest statement: There are no conflicts of interest
to declare.

WJG|www.wjgnet.com

671

February 14, 2018|Volume 24|Issue 6|

Lewis A et al. HRQOL, anxiety, depression and impulsivity in GEPNETs

anxiety, depression, and impulsivity scores in patients
with and without carcinoid syndrome (CS), and
correlated them with serum 5-hydroxyindoleacetic acid
(5-HIAA) levels.

with non-functioning tumours. This is a large study in
this rare patient group and further prospective studies
are required.

METHODS
Patients with advanced gastroenteropancreatic neuro
endocrine tumours (GEPNET), with and without CS
completed HRQoL QLQ-C30 and QLQ-GI.NET21,
Hospital Anxiety and Depression Scale (HADS) and
Barratt Impulsivity Scale (BIS) questionnaires. Twosample Wilcoxon test was applied to assess differences
in serum 5-HIAA levels, two-sample Mann-Whitney U
test for HRQoL and BIS, and proportion test for HADS,
between those with and without CS.

Lewis AR, Wang X, Magdalani L, D’Arienzo P, Bashir C,
Mansoor W, Hubner R, Valle JW, McNamara MG. Health-related
quality of life, anxiety, depression and impulsivity in patients
with advanced gastroenteropancreatic neuroendocrine tumours.
World J Gastroenterol 2018; 24(6): 671-679 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v24/i6/671.htm
DOI: http://dx.doi.org/10.3748/wjg.v24.i6.671

INTRODUCTION

RESULTS
Fifty patients were included; 25 each with and without
CS. Median 5-HIAA in patients with and without
CS was 367nmol/L and 86nmol/L, respectively (P =
0.003). Scores related to endocrine symptoms were
significantly higher amongst patients with CS (P = 0.04)
and scores for disease-related worries approached
significance in the group without CS, but no other
statistically-significant differences were reported bet
ween patients with and without CS in responses on
QLQ-C30 or QLQ-GI.NET21. Fifteen patients (26%)
scored ≥ 8/21 on anxiety scale, and 6 (12%) scored
≥ 8/21 on depression scale. There was no difference
in median 5-HIAA between those scoring < or ≥ 8/21
on anxiety scale (P = 0.53). There were no statistically
significant differences between groups in first or
second-order factors (BIS) or total sum (P = 0.23).

Gastroenteropancreatic neuroendocrine tumours
(GEPNETs) are a varied group of neoplasms derived
from cells of the diffuse endocrine system, normally
distributed in the mucosa of organs originating from the
[1]
embryological intestine . GEPNETs are rare, representing
[2]
only around 2% of all gastrointestinal malignancies ,
with an incidence of 5.25/100000/year and a prevalence
[3]
of 35/100000 / year .
Gastroenteropancreatic neuroendocrine tumours are
classified according to site and can be further subdivided
into functioning and non-functioning. Functioning
tumours can cause symptoms due to hypersecretion of
hormones, most commonly serotonin, which causes
carcinoid syndrome (CS). Approximately 30%-55%
[3]
of GEPNETs are functioning . CS is associated with
flushing, diarrhoea, bronchial constriction and endo
[2]
cardial fibrosis, which can lead to right heart failure .
Surgery is the only curative treatment available for
patients with GEPNETs. Treatment options for advanced
disease include somatostatin analogues (SSAs) which
[3-5]
may control the disease , and result in the reduction
of hormone levels and the control of symptoms related
to hormone hypersecretion. Other treatment options
[6]
include everolimus for non-functioning GEPNETs the
[7]
use of peptide receptor radionuclide therapy (PRRT) ,
[8]
and chemotherapy . More recently, among patients
with CS not adequately controlled by SSAs, treatment
with telotristat ethyl (a tryptophan hydroxylase inhibitor)
was reported to be safe and well tolerated and resulted
[9]
in significant reductions in bowel motion frequency .
Despite the availability and use of these treatment
options, psychological symptoms may be identified in
[10,11]
patients with GEPNETs
. Psychiatric comorbidity in
oncological patients is common. Two German studies
including 502 and 4020 patients across all disease
stages, have reported that about 30% of these patients
can be diagnosed with a mental disorder according
to the Diagnostic and Statistical Manual of Mental
[12,13]
Disorders criteria
. The most prevalent mental
disorders associated with cancer in these studies were
anxiety disorders, with mood and adjustment disorders
also being commonly reported, with rates between

CONCLUSION
Excepting endocrine symptoms, there were no signi
ficant differences in HRQoL, anxiety, depression or
impulsivity between patients with advanced GEPNET,
with or without CS. Over one quarter of patients had
high anxiety scores, unrelated to peripheral serotonin
metabolism.
Key words: Gastroenteropancreatic neuroendocrine
tumours; Carcinoid syndrome; Quality of life; Anxiety;
Depression; Impulsivity
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Patients with functioning gastroenteropancreatic
neuroendocrine tumours (GEPNETs) may have higher
levels of psychological distress than other patients
with cancer due to the symptoms of hormone
hypersecretion. This study compares 25 patients
with advanced GEPNET and carcinoid syndrome (CS)
with 25 patients with advanced, but non-functioning
GEPNET. Symptoms of anxiety, depression, impulsivity
and health-related quality of life were assessed
prospectively using symptom scales. Endocrine sym
ptoms were significantly higher in patients with CS.
Disease-related worries were more common in those
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Table 1 Summary of studies investigating psychological symptoms in patients with neuroendocrine tumours
Ref.

Major et al[17] 1972
Larsson et al[11] 2001

Primary disease site

Correlation with
treatment

Treatment

Number
of patients
with carcinoid
syndrome/total
patients

Method of
investigation

Metastatic
carcinoid
Midgut carcinoid

No

Not reported

22/22

Not reported

Yes – prior to and
following 12 mo
of treatment with
somatostatin analogues

Somatostatin
analogues

20/24

Russo et al[29] 2003

Metastatic mid-gut
carcinoid

No. Experimental
tryptophan depletion

12 patients
somatostatin
analogues,
2 patients no
treatment

14/14

Larsson et al[27] 2003

Carcinoid tumour

Yes

Somatostatin
analogues or
interferon

19/19

Russo et al[19] 2004

Mid-gut carcinoid
tumour with
carcinoid
syndrome

No

14 patients on
somatostatin
analogues, 2
patients on
interferon
2 patients
no active
treatment. 2
patients on
somatostatin
analogues +
interferon

20/20

Key results

50% displaying
depressive symptoms
Questionnaire –
Anxiety scores
EORTC- QLQC301
significantly lower at
12 mo than baseline,
depression scores
significantly higher at 9
mo
Cambridge
Impaired sustained
Neuropsychological attention. Not mimicking
tests automated
patients with depression
battery (CANTAB):
intra-/extradimensional shift
task, matching
to sample visual
search, rapid
visual information
processing and
spatial working
memory.
Semi-structured Fatigue, diarrhoea, worry
interview
about diagnosis and
limited physical ability
most commonly reported
symptoms
Semi-structured
Impulse dysregulation
psychiatric
leading to diagnosis
interview
of personality change
secondary to a medical
disorder in 15 patients
(75%)

1

European Organisation for Research and Treatment of Cancer (EORTC) health-related quality of life QLQ-C30 questionnaire.

6.5% and 13.5%. Other studies have reported rates of
[14,15]
depression between 18% and 25%
.
Patients with a diagnosis of a neuroendocrine
tumour were not considered in these studies, which only
addressed the most frequent tumour entities. Patients
with advanced GEPNETs experience similar symptoms
to those with a diagnosis of gastrointestinal cancers,
and there is a perception amongst many treating
physicians that patients with functional neuroendocrine
tumours, presenting with CS may have higher levels of
psychological distress compared to other patients with
a cancer diagnosis. However, there is limited data to
[16,17]
support this hypothesis
.
It may be, in the case of neuroendocrine tumors,
that psychological changes could be related to the
effects of biochemical mediators produced by the
tumour itself and released into the bloodstream, such as
[18]
serotonin. For example, in a study by Jacobsen et al ,

WJG|www.wjgnet.com

which included eleven patients with advanced GEPNET
and CS, it was reported that psychological distress
decreased, and social functioning increased, following
one month of treatment with SSAs.
Several studies and reports in the literature dating
back to the 1960s, point out that several types of
neuroendocrine tumours, can be associated with
depression, sleep disturbances, anxiety, aggressive
[10,17,19-30]
behaviour, psychosis and altered attention span
.
Studies assessing mood in patients with neuroendocrine
tumours are summarised in Table 1.
Previous studies on this topic have included small
numbers of patients, without apparent control groups,
with varying psychological tests applied, therefore the
aim of this study was to compare health-related quality
of life (HRQoL), anxiety, depression, and impulsivity
in patients with advanced GEPNETs, with and without
CS, and to correlate with biochemical markers of
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disease activity such as serum chromogranin A and
5-hydroxyindoleacetic acid (5-HIAA).

of Excellence. A recent analysis of outcomes of patients
with GEPNETs and CS presenting to The Christie over
[36]
a 28 year period identified 139 patients . With a
median overall survival of 65.4 mo in this study, this
would therefore suggest that approximately 40 patients
would be alive at any one time. Accounting for patients
who only attend the Christie for single appointments
or experience ill health or language barriers preventing
completion of the questionnaires, 25 patients was
identified as an achievable patient group.
The local audit committee approved this study
(reference number: CE16/1619).

MATERIALS AND METHODS
Patients with advanced well-differentiated GEPNET
tumours with liver metastases, with and without CS
attending an outpatient NET clinic at a European
Neuroendocrine Tumour (ENET) Centre of Excellence;
The Christie NHS Foundation Trust, Manchester, United
Kingdom, were asked to complete the European
Organisation for Research and Treatment of Cancer
[31]
(EORTC) health-related quality of life QLQ-C30
and
neuroendocrine tumour-specific GINET-21 (GINET21)
[32]
questionnaires , the Hospital Anxiety and Depression
[33]
scale (HADS)
and the Barratt Impulsivity Scale
[34,35]
(BIS)
. These were completed at a single time point
between April and August 2016. The EORTC QLQ-C30
scores patients on scales that assess global health
status, social, physical and emotional functioning and
common symptoms. Various disease-specific scales
have been developed to work in combination with the
QLQ-C30 and the GINET-21 is specific to neuroendocrine
tumours. In combination with the QLQ-C30, the
GINET-21 questionnaire provides information on neuro
endocrine symptoms including diarrhoea and flushing,
[32]
treatment side-effects and disease-related worries .
The Barratt Impulsivity scale is a well validated score
that examines first-order factors including attention,
cognitive instability, motor and perseverance, self-control
and cognitive complexity. Second-order factors analysed
[34]
in this scale are attentional, motor and non-planning .
Baseline demographic data collected included age,
tumour site, Eastern Cooperative Oncology Group
performance status (ECOG PS), time from diagnosis,
presence of recurrent disease following initial curativeintent surgery, any previous surgery and current and
previous treatments, presence of co-morbidities and
use of psychoactive medications. Baseline serum
chromogranin A and 5-HIAA at initial presentation with
advanced disease, and at the time of questionnaire
completion were recorded. Patients identified within this
study as having significant symptoms of anxiety and
depression were offered referral to the psycho-oncology
service.
Inclusion criteria for this study were a diagnosis
of advanced GEPNET with liver metastases, with or
without CS, understanding the English language and the
physical ability to complete questionnaires. Patients with
neuroendocrine tumours originating from sites other
than the gastroenteropancreatic tract and without liver
metastases were excluded, as were those with poorlydifferentiated tumours. Patients with functional tumours
presenting with other syndromes e.g., gastrinoma were
also excluded.
The sample size of 25 patients with CS (with
matched controls) was selected on the basis of feasibility
and as a representative sample in a large ENETs Centre

WJG|www.wjgnet.com

Statistical methods

The median time from diagnosis of advanced disease
(radiological or histological) was recorded up to date of
completion of questionnaires.
The two-sample Wilcoxon (Mann-Whitney test) was
applied to assess differences in serum chromogranin A
and 5-HIAA in patients with and without CS.
Responses to the EORTC QLQ-C30 and the QLQGINET21 were linearly transformed to a 0-100 scale
using EORTC guidelines. Two-sample Mann-Whitney
U test were applied across scales/items to assess
the difference between the patient groups with and
without CS. A P value less than 0.05 indicated a
statistically significant difference. For the HADS, 8 out
of 21 was used as the cut-off for both the “Anxiety”
and “Depression” category as a level representing
clinically-significant symptoms warranting further
[33]
intervention . The Proportion test was applied to both
the “Anxiety” and “Depression” categories to assess
whether there was a statistically significant difference
in the proportion of “total score ≥ 8” between patient
groups with and without CS. The two-sample MannWhitney U test was applied to first-order factors,
second-order factors and total sum, to compare the
patient groups with and without CS.
This study was an exploratory analysis. Detection of
a specific effect size (hazard ratio) was not the target,
and so power calculations were not used, as detection
of an intended hazard ratio was not required.

RESULTS
The median age of all patients was 65.5 years. The
majority of patients (88%) had an ECOG PS of 0-1.
Most patients had tumours originating in the small
intestine (58%) or the pancreas (22%). The most
frequent current treatment in all patients was SSAs,
either alone or in combination. These results are
summarised in Table 2. The median time from initial
diagnosis for all patients was 40 mo [95% confidence
interval (CI): 22-48 mo]; 45 (95%CI: 20-49) and
36 mo (95%CI: 18-56), P = 0.66, in the groups with
and without CS respectively. Five patients (10%)
were taking prescribed psychoactive medications;
two patients with CS. The median serum 5-HIAA at
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Table 2 Patient characteristics - advanced gastroenteropancreatic neuroendocrine tumours with and without carcinoid syndrome n
(%)

Age (median)
95%CI
Gender
Median time since diagnosis (mo)
(95%CI)
Prior Surgery
Recurrent disease following previous curative intent
treatment
Primary disease site
Stomach
Small bowel
Pancreas
Large bowel
Unknown GI tract
Median Ki-67
% (95%CI)
ECOG PS n (%)
0
1
2
3
Current treatment
Nil
Best supportive care
Chemotherapy
Interferon + Somatostatin analogue
Peptide receptor radionuclide Therapy
Peptide receptor radionuclide therapy + Somatostatin
analogues
Somatostatin analogues
Tryptophan hydroxylase inhibitor + Somatostatin
analogues
mTOR inhibitor
Use of psychoactive medications
Nil
Selective serotonin Reuptake inhibitors
Benzodiazepine
Selective serotonin reuptake inhibitors + benzodiazepine
Unknown

All patients
n = 50

With carcinoid syndrome
n = 25

Without carcinoid
syndrome n = 25

P value

65.5
(61.5-68.5)
F:21 (42) M:29 (58)
39
(21.54-48.46)
24 (48)
8 (16)

67
(61.3-70.9)
F:9 (36) M:16 (64)
45
(20.10-48.90)
9 (36)
3 (12)

62
(58.0-68.9)
F: 12 (48) M: 13 (52)
36
(18.21-56)
15 (60)
5 (20)

0.19

1 (2)
29 (58)
11 (22)
3 (6)
6 (12)

0 (0)
18 (72)
1 (4)
1 (4)
5 (20)

1 (4)
11 (44)
10 (40)
2 (8)
1 (4)

3 (2-4.8)

2 (2-5)

3 (2-7.7)

14 (27)
30 (60)
4 (8)
2 (4)

7 (28)
16 (64)
1 (4)
1 (4)

7 (28)
14 (56)
3 (12)
1 (4)

5 (10)
1 (2)
5 (10)
2 (4)
2 (4)
2 (4)

2 (8)
0 (0)
0 (0)
2 (8)
1 (4)
1 (4)

4 (16)
1 (4)
5 (20)
0 (0)
1 (4)
1 (4)

28 (56)
1 (2)

8 (72)
1 (4)

9 (36)
0 (0)

4 (8)

0 (0)

4 (16)

44 (88)
3 (6)
1 (2)
1 (2)
1 (2)

22 (88)
1 (4)
1 (4)
0 (0)
1 (4)

22 (88)
2 (8)
0 (0)
1 (4)
0 (0)

0.39
0.66
0.09
0.44

0.55

CI: Confidence interval; ECOG PS: Eastern Cooperative Oncology Group performance status.

diagnosis of advanced disease was 367.0 nmol/L
(95%CI: 271.57-1127.89) and 124.0 nmol/L (95%CI:
73.05-200.98) in those patients with and without CS
respectively (P < 0.001). The median serum 5-HIAA
at the time of questionnaire completion was 367.00
nmol/L (95%CI 176.7-855.5) and 86 nmol/L (95%CI:
66.8-123.9) in those patients with and without CS
respectively (P < 0.001) (normal range 0-140 nmol/L),
indicating biochemical differences between groups at
baseline and at time of questionnaire completion.
The median baseline chromogranin A at diagnosis
of advanced disease was 268 ng/mL (95%CI:
151.6-381.4) and 116 ng/mL (95%CI: 57.77-275.51)
in those patients with and without CS respectively (P =
0.09). The median chromogranin A measurement at the
time of questionnaire completion was 322 ng/mL (95%CI:
215.2-456.5) and 198ng/mL (95%CI: 68.8-392.0) in
patients with and without CS respectively (P = 0.13)
(normal range 0-91 ng/mL).
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In the HRQoL QLQ-GI.NET21 questionnaire, scores
related to endocrine symptoms (flushing and night
sweats) were significantly higher in those with CS (P
= 0.04). Disease-related worries (related to tumour
progression, health in the future and test results)
appeared more prominent in the group without CS
and the difference approached statistical significance
(P = 0.05). There were no significant differences in
responses between those patients with and without CS
for all other symptoms in both health-related quality
of life questionnaires (QLQ-C30 and QLQ-GI.NET21).
These results are summarised in Tables 3 and 4.
Out of the total of 50 patients, fifteen patients
(30%) scored ≥ 8/21 on the HADS anxiety scale; 8
had CS, and 6 (12%) scored ≥ 8/21 on the HADS
depression scale; 3 with CS. There was no difference
in the median serum 5-HIAA between those scoring
< or ≥ 8/21 on the anxiety scale (P = 0.53). The
Proportion test was not statistically significant between
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Table 3 Comparison of responses in patients with and without carcinoid syndrome in the HRQoL QLQ-C30 questionnaire

Global health status
Physical functioning
Role functioning
Emotional functioning
Cognitive functioning
Social functioning
Fatigue
Nausea and vomiting
Pain
Dyspnoea
Insomnia
Appetite loss
Constipation
Diarrhoea
Financial difficulties

Without carcinoid syndrome
Mean score
(95%CI)
63
52.3-73.7
79.9
73.0-86.8
74
61.3-86.7
73
63.0 – 83.0
76.7
66.3-87.0
70
58.6- 81.4
34.7
23.6-45.8
11.3
4.0-18.7
25.3
11.8-38.8
12.5
1.7-23.3
36
22.9-39.1
18.7
8.1-29.2
9.3
1.9-16.8
24
9.4-38.6
13.3
3.6-23.1

With Carcinoid syndrome
Mean score
(95%CI)
61.7
49.6-73.7
77.9
67.9-87.9
70.7
56.3-85.0
74.7
63.7-85.6
74.0
61.0-87.0
79.3
67.2-91.5
37.8
23.9-51.7
8.00
1.4-14.6
26.7
13.5-39.8
24.0
10.5-37.5
22.7
10.9-34.3
22.7
9.7-35.7
9.30
1.9-16.8
32.0
17.4-46.6
8.00
-18.2

Difference between groups

P value

1.3
2.0
3.3
-1.7
2.7
-9.3
-3.1
3.3
-1.3
-11.5
13.3
-4
0
-8.0
5.3

0.92
0.79
0.77
0.73
0.93
0.15
0.84
0.31
0.81
0.15
0.12
0.81
1.00
0.27
0.30

HRQoL: Health-related quality of life.

Table 4 Comparison of responses in patients with and without carcinoid syndrome in the HRQoL QLQ-GI.NET21 questionnaire

Endocrine symptoms
Gastrointestinal symptoms
Treatment-related symptoms
Social functioning
Disease-related worries
Body image
Weight gain
Muscle/bone pain
Information
Sexual functioning

Without carcinoid
Mean score
16.7
18.9
17.5
60.0
56.9
15.3
18.7
41.3
10.7
60.8

syndrome
(95%CI)
8.4-24.9
12.7-25.3
8.6-26.4
50.0-70.0
43.0-70.8
4.3-26.2
7.4-30.0
28.6-54.1
2.0-19.3
35.6-85.9

With Carcinoid syndrome
Mean score
(95%CI)
28.4
18.1-38.8
24.0
16.5-31.5
10.1
4.1-16.2
68.4
58.7-78.1
38.7
26.2-51.2
13.3
2.1-24.6
13.3
2.1-24.6
46.7
31.3-62.1
16.0
4.7-27.3
68.4
47.4-89.5

groups with and without CS for anxiety (P = 0.76)
or depression (P = 1.0). There were no statisticallysignificant differences between groups with and
without CS in first or second-order factors (BIS) or
total sum (P = 0.23).

P value

-11.8
-5.1
7.4
-8.4
18.2
1.9
5.3
-5.3
-5.3
-7.6

0.04
0.37
0.20
0.19
0.05
0.57
0.30
0.62
0.51
0.82

dietary tryptophan to peripheral serotonin production,
thereby causing a relative CNS depletion may be a
[29]
cause of emotional disturbances in these patients .
Various studies have demonstrated cognitive changes
when healthy control subjects have induced tryptophan
[37–43]
depletion
. In a study testing the blockade of the
enzyme tryptophan hydroxylase as a method of reducing
[43]
CS symptoms , depression was a severe side-effect.
The study investigating the effects of telotristat ethyl
for symptom control in patients with CS specifically
focused on depression as an “adverse event of special
interest”, and did report increased rates of depression
in the group taking 500 mg three times daily compared
to those taking 250 mg three times daily. However, this
did not delay treatments or require the introduction of
[9]
anti-depressant therapy .
The lack of difference in scores on the majority of
the symptom scales of the questionnaires completed in
this study may be related to a long median time from
diagnosis, and so many symptoms may be controlled on
treatment, and thus there would be a reduced impact
on the patient’s psychological distress. A meta-analysis
of studies which included patients with early-stage
and advanced disease reported a mean prevalence of
depression amongst patients with cancer of 18%, and
reported that rates tended to be lower for those greater

DISCUSSION
In this study, there were no significant differences
identified in the majority of health-related quality of
life responses, anxiety, depression or impulsivity in
patients with advanced GEPNET, despite observed
significant differences in median serum 5-HIAA between
those patients with and without CS. There were more
endocrine-related symptoms, specifically flushing and
sweating, in patients with CS and those without CS had
more disease-related worries (progression, test results
and the future). The reasons for increased diseaserelated worries in those without CS may be due to
masking of these symptoms in patients with CS, where
the worry may be shifted due to endocrine symptoms.
In patients with GEPNETs, serotonin produced
peripherally by the tumour, cannot cross the bloodbrain barrier and, as a result, is unable to exert direct
[29]
effects on the central nervous system (CNS) .
However, it has been hypothesised that diversion of
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[14]

than 1 year from diagnosis . Similarly in a study
[11]
by Larsson et al , patients with advanced GEPNETs
completed the EORTC QLQC30 at baseline, 3, 6, 9
and 12 mo from commencement of treatment with
interferon or SSAs. The authors reported that the scores
for physical functioning decreased, whereas those for
emotional role and cognitive function improved during
the study.
In addition, it has previously been reported that
global health scores may not be particularly sensitive
[32,44,45]
in this patient population
. Similarly, with regards
to physical symptoms, despite there being increased
flushing reported, diarrhoea was not reported as a
significant symptom in patients with CS in our study,
and again could be a reflection of the impact of disease
control on psychological state.
[19]
In the study by Russo et al , formal psychiatric
interviews were used to assess patients with CS. The
authors identified a significant proportion of patients
with impulse dysregulation leading to reduced social
functioning. The authors were able to make a diagnosis
of “Personality change secondary to a medical condition”
in some of these patients. In the study by Larsson
[27]
et al
which examined distress and strategies for
maintaining good mood in patients with carcinoid
tumours, some factors contributing to distress in their
study are not covered by either the EORTC-QLQ30
or the HADS questionnaire used in the current study.
Therefore, it is possible that the questionnaires used in
the current study were not sufficiently sensitive to detect
personality changes or some more subtle features of
psychological distress.
In the current study, a high number of patients
with and without CS had high scores on the anxiety
and depression scale. The rate of depression in the
current study was 12%, and since the median time
from diagnosis was 40 mo in this study, the rate for
depression seems proportional to the general cancer
[14]
population .
However, the rates of anxiety reported in the current
study (approximately 25% of the patients assessed)
[12,13]
were significantly higher than those of 8%-11%
reported elsewhere in patients with cancer. It is of note
that our study included only patients with advanced
[12]
GEPNET, whereas the studies by Mehnert et al and
[13]
Singer et al
included patients with early stage and
advanced disease.
A limitation of this study was that it included only
fifty patients and it may be that it was not large enough
to detect small differences in psychological state
between the patients with and without CS. Another
limitation is that patient questionnaires were completed
at a single time point only, and this may not have been
a representative view of the patient’s psychological
symptoms over the course of their disease. There was
also variation in time from diagnosis to completion of
surveys which could have an impact on psychological
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effects. Furthermore, there may have been impact from
treatments on results. Patients in the group without CS
had undergone more prior lines of treatment (mean 2.12
vs 1.87 in the group with CS) and had received more
systemic treatments including mTOR inhibitors and
chemotherapy that are associated with toxicities, which
may have an impact on psychological state. However,
GEPNETs are a rare tumour group and most studies
reported to date included an average of twenty patients
without control groups, and so the current study is
comparably more robust and informs on a poorly studied
topic.
Limitations could potentially be overcome by con
ducting a prospective study with repeated questionnaire
sampling from the time of diagnosis of advanced GEPNET
and matching of controls by treatment.
In conclusion, this study contributes to the limited
evidence base regarding psychological symptoms for
this rare disease group, and includes a relatively large
cohort of patients with a diagnosis of GEPNET, with
and without CS, reviewed at a tertiary referral centre.
This study also highlights the importance of recognition
by treating physicians of psychological distress in
patients with advanced GEPNET, and the need for
input from the psycho-oncology services. Prospective
multi-centre studies are required to further enhance
the understanding of psychological distress in this
disease group and the relation, if any, with biochemical
abnormalities and indeed their therapeutic management.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Psychological issues in patients with gastroenteropancreatic neuroendocrine
tumours (GEPNETs), with or without carcinoid syndrome (CS), are rarely
studied. There is a physician perception of higher levels of psychological
distress amongst patients with CS. There is some data to support this in
the form of case reports, but not large comparative studies and it is unclear
whether this takes the form of anxiety, depression or even impulsivity. The aim
of this study was therefore to compare health-related quality of life, anxiety,
depression, and impulsivity in patients with advanced GEPNET, with and
without CS, and to correlate with biochemical markers of disease activity.

Research motivation

An improved understanding of the psychological issues for these patients will
help better inform management of their symptoms.

Research objectives

To assess whether patients with advanced GEPNET and CS have increased
levels of anxiety, depression, impulsivity or worse quality of life than patients
with advanced GEPNET, but non-functioning tumours.

Research methods

Patients with advanced GEPNET with and without CS were invited to fill out
questionnaires at outpatient clinics at The Christie NHS Foundation Trust,
which is a European centre of excellence for neuroendocrine tumours. Patients
completed the hospital anxiety and depression scale (HADS), the EORTC
QLQ-C30 and GINET-21 quality of life scales and the Barrett Impulsivity scale
(BIS) at a single time point. Demographic information with regards to gender,
time from diagnosis and treatment history was collected from casenotes, as
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were serum markers of disease [5-hydroxyindoleacetic acid (5-HIAA)].

Research results

Fifty patients were included; 25 each with and without CS (CS). Median serum
5-HIAA in patients with and without CS was 367nmol/L and 86nmol/L, respectively
(P = 0.003). Scores related to endocrine symptoms were significantly higher
amongst patients with CS (P = 0.04) and scores for disease-related worries
approached significance in the group without CS, but no other statisticallysignificant differences were reported between patients with and without CS
in responses on QLQ-C30 or QLQ-GI.NET21. Fifteen patients (26%) scored
≥ 8/21 on anxiety scale, and 6 (12%) scored ≥ 8/21 on depression scale.
There was no difference in median 5-HIAA between those scoring < or ≥ 8/21
on anxiety scale (P = 0.53). There were no statistically significant differences
between groups in first or second-order factors (BIS) or total sum (P = 0.23).

7

Research conclusions

8

There were no significant differences between groups with regards to anxiety,
depression or impulsivity. Serum 5-HIAA and endocrine symptoms were more
prevalent in the group with CS as would be expected. Disease-related worries
were higher in the group without CS. Results may have been impacted by a
long time from diagnosis in the CS group or limited sensitivity of screening
tools to detect subtle differences in mental state. Results may also have been
impacted by small sample size however in this rare disease group the sample
size is robust in a comparative study. Levels of anxiety and depression were
high in both groups and may be higher in patients with GEPNET than with other
solid tumours. This is one of few comparative prospective studies in this patient
group and established methods of assessment were used and correlated with
serum biochemistry. More sensitive tools need to be developed to assess
psychological symptoms in these patients.

9

Research perspectives

10

This prospective comparative study included single time point assessment of
symptoms. Studies with questionnaires distributed at varying times would be
helpful to assess the impact of changes throughout the patient journey.
Futures prospective studies are needed, ideally involving multiple centres with
considered methodology such as psychiatric interviews including the use and
development of more selective psychological assessment tools.

11
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Abstract
AIM
to determine the variability/conservation of the
domain of hepatitis B virus (HBV) preS1 region that
interacts with sodium-taurocholate cotransporting
polypeptide (hereafter, NTCP-interacting domain) and
the prevalence of the rs2296651 polymorphism (S267F,
NTCP variant) in a Spanish population.

Core tip: Simultaneous analysis of both viral and host
features important for hepatitis B virus (HBV) entry
into hepatocytes provided locally relevant preliminary
information in a population previously uncharacterized
in this regard. In-house developed next-generation
sequencing was successfully used to investigate
the variability of the preS1 region of the HBV large
envelope protein, and real-time PCR melting curve
analysis to detect the rs2296651 polymorphism (NTCP
variant, S267F) in the HBV cellular receptor, NTCP.
Results in a limited sample indicate that the features
analyzed would not decrease the effectiveness of new
therapies to block NTCP and avert HBV binding to
hepatocytes in our particular CHB population.

METHODS
Serum samples from 246 individuals were included
and divided into 3 groups: patients with chronic
HBV infection (CHB) (n = 41, 73% Caucasians),
patients with resolved HBV infection (n = 100, 100%
Caucasians) and an HBV-uninfected control group (n
= 105, 100% Caucasians). Variability/conservation
of the amino acid (aa) sequences of the NTCPinteracting domain, (aa 2-48 in viral genotype D) and a
highly conserved preS1 domain associated with virion
morphogenesis (aa 92-103 in viral genotype D) were
analyzed by next-generation sequencing and compared
in 18 CHB patients with viremia > 4 log IU/mL. The
rs2296651 polymorphism was determined in all indi
viduals in all 3 groups using an in-house real-time PCR
melting curve analysis.
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RESULTS
The HBV preS1 NTCP-interacting domain showed a
high degree of conservation among the examined
viral genomes especially between aa 9 and 21 (in
the genotype D consensus sequence). As compared
with the virion morphogenesis domain, the NTCPinteracting domain had a smaller proportion of HBV
genotype-unrelated changes comprising > 1% of
the quasispecies (25.5% vs 31.8%), but a larger
proportion of genotype-associated viral polymorphisms
(34% vs 27.3%), according to consensus sequences
from GenBank patterns of HBV genotypes A to H.
Variation/conservation in both domains depended on
viral genotype, with genotype C being the most highly
conserved and genotype E the most variable (limited
finding, only 2 genotype E included). Of note, proline
residues were highly conserved in both domains, and
serine residues showed changes only to threonine
or tyrosine in the virion morphogenesis domain. The
rs2296651 polymorphism was not detected in any
participant.

INTRODUCTION
Hepatitis B virus (HBV) infection remains a major health
threat, with around 240 million chronically infected
[1]
individuals worldwide . Persistently infected people
are at high risk for the development of cirrhosis and
hepatocellular carcinoma, and about 1 million people
[2,3]
die each year due to HBV-associated liver disease .
Currently, the available anti-HBV treatments include
conventional or pegylated interferon-α (IFN-α ) and
[4]
nucleos(t)ide analogs (NAs) . Both types of treatments
have drawbacks: IFN-based therapies cause significant
side effects and yield long-term clinical benefits in less
[5]
than 40% of treated patients , whereas first-line NAs
suppress viral activity in more than 80% of patients, but
[4,6,7]
viral eradication is rare
.
Based on extensive research in the HBV lifecycle
and virus-host interactions, several new agents are
under development to achieve a functional cure
[8,9]
for HBV infection . In this sense, identification of
sodium-taurocholate cotransporting polypeptide
(NTCP), encoded by the SLC10A1 gene and located on
[10,11]
[12]
chromosome 14
, as a receptor for HBV infection
has provided valuable information for the development
of inhibitors of HBV entry. NTCP is a multipletrans

CONCLUSION
In our CHB population, the NTCP-interacting domain
was highly conserved, particularly the proline residues
and essential amino acids related with the NTCP
interaction, and the prevalence of rs2296651 was low/
null.
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Table 1 Demographic characteristics of the 246 patients included
Group A, CHB (n = 41)

Group B, Resolvers (n = 100)

Group C, Controls (n = 105)

P value1

22 (54)
54.8 ± 19.1

54 (54)
62.1 ± 13.0

54 (51)
60.3 ± 13.5

NS
NS

30 (73)
5 (12)
6 (15)

100 (100)
0 (0)
0 (0)

100 (100)
0 (0)
0 (0)

-

Gender, n males (%)
Age, yr, mean ± SD
Origin, n (%)
Caucasian
Asian
Sub-Saharan
1

P-value χ 2 test for gender (qualitative variable), and t-test for age (quantitative variable). CHB: Chronic hepatitis B; NS: Not statistically significant.
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Region studied: VM (92-113)
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Figure 1 Model of interaction between large envelope proteins and the sodium-taurocholate cotransporting polypeptide. A: Schematic diagram of hepatitis
B virus envelope proteins: Small (S), Middle (M) and Large (L) envelope proteins. B: Representation of the interaction between the viral preS1 protein and its host
receptor in hepatocytes, sodium-taurocholate cotransporting polypeptide (NTCP), modified from the model proposed by Urban [53]. The 2 domains analyzed in
this study, the NTCP-interacting and virion morphogenesis (VM) domains, are indicated in the L protein. Numbering is based on the HBV genotype D consensus
sequence. myr: Myristic acid; HBV: Hepatitis B virus.

membrane protein that is predominantly expressed
at the basolateral membrane of hepatocytes. The
primary role of NTCP is to transport bile salts from the
[10,11]
portal blood into hepatocytes
. Interactions of viral
particles with this receptor are mediated by the hepatitis
B surface antigen (HBsAg), which is formed by three
viral envelope proteins (large, middle, and small) that
differ in length at the N-terminal region and share the
[13,14]
same C-terminal S region
. The HBV large envelope

WJG|www.wjgnet.com

proteins (LHBs), which include the preS1, preS2, and S
regions of the surface open reading frame of the HBV
genome, interact with NTCP through specific binding
of a 47 amino acids (aa) domain in the N-terminal end
[15-18]
of the preS1 region
(hereafter referred to as the
NTCP-interacting domain), as is shown in Figure 1.
It is reasonable to think that the degree of sequence
variability in the NTCP-interacting domain, which is an
indication of the extent to which sequence conservation
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Table 2 Individual demographic, biochemical and virological characteristics of the 18 patients from group A (chronic hepatitis B
patients) in whom the preS1 region was analyzed
ID

Gender

Age

Origin

HBV Genotype

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

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

68
55
40
47
47
28
28
41
39
45
35
46
37
54
36
20
73
49

Caucasian
Caucasian
Caucasian
Caucasian
Caucasian
Caucasian
Asian
Caucasian
Caucasian
Caucasian
Asian
Caucasian
Sub-Saharan
Caucasian
Asian
Sub-Saharan
Caucasian
Asian

D
A
D
F
D
D
C
A
D
F
C
H
E
A
C
E
B
B

1

HBV DNA (logIU/mL)

ALT (IU/L)

HBeAg

5.0
5.8
4.2
5.8
6.3
5.4
>8
4.7
5.0
>8
>8
5.3
4.3
4.3
>8
5.1
>8
5.6

29
46
29
88
170
22
94
18
29
51
56
23
37
21
19
22
221
181

Negative
Negative
Negative
Negative
Negative
Negative
Positive
Negative
Negative
Positive
Positive
Negative
Negative
Negative
Positive
Positive
Negative
Negative

1

HBV genotype determined by Sanger sequencing of the preS1 region (the same region as was analyzed by next-generation sequencing). ALT: Alanine
aminotransferase; HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen.
[19]

NTCP-interacting domain, involved in HBV entry into
hepatocytes, and to determine the prevalence of the
rs2296651 SNP, causing the S267F NTCP variant, in
an HBV patient population from our area (Barcelona,
Spain).

is important to maintain its function , may have an
impact on the response to inhibitors of HBV entry based
[20]
on synthetic myristoylated lipopeptides that share the
same aa sequence with the NTCP-interacting domain
(i.e., therapy to block NTCP). For example, sequence
variability in the NTCP-interacting domain might change
its affinity to attach to NTCP, changing the dynamics of
the competition with synthetic myristoylated lipopeptide
analogues, and making them less effective in patients
showing such variation.
Furthermore, several single nucleotide poly
morphisms (SNPs) that may change the physiological
function of NTCP as the key transporter for bile salt
homeostasis and affect HBV entry have been identified
[21]
in SLC10A1 , and most of them show an ethnicity[22,23]
dependent profile
. The rs2296651 SNP in SLC10A1
(g.69778476G>A, GenBank accession number
NC_000014.9), which causes the S267F variant, has
been identified in Asian populations at a prevalence
[22]
of 3.1% to 9.2% . Previous studies focusing on
rs2296651 and HBV infection have yielded conflicting
[24,25]
results
, and the role of this SNP in cirrhosis and
[26]
hepatocellular carcinoma remains uncertain . However,
as synthetic myristoylated lipopeptides share the
same aa sequence with the NTCP-interacting domain,
it is reasonable to think that the presence of this SNP
might influence the effectiveness of these therapies.
This variant has not been found in some Caucasian
populations (European Americans and Hispanic
[22]
Americans) , but to our knowledge, there are no
studies investigating the prevalence of rs2296651 in our
country (Spain), where a Caucasian population mainly of
European Mediterranean origin is prevalent.
The main aims of this study were to analyze the
variability and conservation of the HBV preS1 region

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patients and samples

The study included 246 individuals recruited from
the population attending the outpatient clinic of Vall
Hebron University Hospital (Barcelona, Spain). The
study was approved by the hospital ethics committee
and all individuals gave informed written consent for
participation at enrollment. Participants were divided
into 3 groups: group A, patients with chronic hepatitis
B infection (n = 41, CHB); group B, patients testing
negative for HBsAg, but positive for antibodies against
the hepatitis B core antigen (anti-HBc) (n = 100,
Resolvers); and group C, an HBV-uninfected control
group (HBsAg-negative, antiHBc-negative) (n = 105,
Controls). Participants from groups B and C were all
Caucasian. Ethnic heterogeneity was greater in Group
A, with 30/41 (73%) Caucasian, 5/41 Asian (12%),
and 6/41 sub-Saharan (15%) participants (Table 1).
Two main analyses were performed. First, the
variability and conservation of the preS1 region of
LHBs was analyzed in the 18 patient samples from
Group A with a viral load greater than > 4 logIU/mL.
This is the sensitivity limit of the PCR to amplify that
region. Then we determined the sequence of preS1
by next-generation sequencing (NGS) based on
ultra-deep pyrosequencing (UDPS) on the GS-Junior
platform (454 Life sciences-Roche, Branford, United
States). All 18 patients were treatment-naive and
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S113

Q107
A108
M109*
Q110

S98*

N103*

aa changes

P42*
D43*
A44
N45
K46*

D39
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L5*

0
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Figure 2 Frequency of amino acid changes in each position in the two domains studied. In order to simplify the variations due to HBV genotype, the numeration
of aa positions in both domains and their consensus sequences is presented according to genotype D (reference sequences obtained from GenBank, accession
numbers provided in Supplementary Table 1). Asterisks indicate positions where the wild-type aa varies according to HBV genotype. A: Schematic diagram where the
two regions studied are represented: the sodium-taurocholate cotransporting polypeptide (NTCP)-interacting domain from residues 2 to 48 of the N-terminal end of
preS1, and the virion morphogenesis (VM) domain from residues 92 to 108 of the C-terminal end of preS1 and the first 5 residues from the N-terminal end of preS2.
B: Barplot representing the frequency of aa changes (above 1% of HBV quasispecies) within each HBV genotype in the NTCP interaction and virion morphogenesis
domains (Specific aa changes are shown in Supplementary Table 2).

tested negative for hepatitis D virus (HDV), hepatitis
C virus (HCV), and human immunodeficiency virus
(HIV). The demographic, biochemical, and virological
characteristics of these patients are shown in Table 2.
Second, the rs2296651 SNP (S267F) was determined
in all 246 individuals comprising the 3 groups following
a previously described in-house developed protocol to
[27]
detect SNPs in human serum samples . To avoid the
discomfort of additional blood drawing, 1 mL of serum
from samples obtained for routine clinical analysis was
used for all analyses.

tested by the Liaison XL murex HIV Ab/Ag kit (DiaSorin,
Saluggia, Italy). HBV-DNA was quantified by realtime PCR with a detection limit of 20 IU/mL (COBAS
TaqMan HBV V2.0, Roche Diagnostics, Mannheim,
Germany). HBV genotypes were determined by Sanger
sequencing and phylogenetic analysis with reference
sequences from HBV genotypes A to H of the preS1
region (Supplementary Table 1), and supported by NGS
analysis of the same region.

Analysis of the HBV preS1 region by NGS

In this study, we explored a fragment of the HBV
genome including the entire preS1 region and the
N-terminal end of preS2. The HBV genotype-specific
insertions and deletions occurring along the HBV
genome change the nucleotide (nt) numbering of the
fragment. Hence, the fragment includes nt positions
2844 to 56 (434 bp) in genotype A (genome size 3221
nt), positions 2838 to 56 in genotypes B, C, D, E and H
[434 bp in B, C, and H (genome size 3215 nt in all of

Serological and virological determinations

Serological markers for HBV (HBsAg, HBeAg, anti-HBe,
and anti-HBc) and anti-HCV antibodies were tested
using commercial enzyme immunoassays mounted on
a COBAS 8000 analyzer (Roche Diagnostics, Rotkreuz,
Switzerland). Antibodies against HDV were tested using
the HDV Ab kit (Dia.Pro Diagnostic Bioprobes, Sesto
San Gioviani, Italy), and anti-HIV antibodies were

WJG|www.wjgnet.com
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NTCP interacting domain
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21 22 24

26 27 28 29 31

33 34

36 37

39 40 42 43 45 46 48

Virion morphogenesis domain
4

Bits

3
2
1
0
92

93
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95

96
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113

Amino acid positions

Figure 3 Sequence logos showing the information content of amino acid positions from the sodium-taurocholate cotransporting polypeptide-interacting
domain and the virion morphogenesis domain, in all the haplotypes obtained by next-generation sequencing. In order to simplify variations due to HBV
genotype, the numeration of aa positions from both domains is presented according to genotype D: NTCP-interacting domain from residues 2 to 48 of the N-terminal
end of preS1, and the virion morphogenesis domain from residues 92 to 108 of the C-terminal end of preS1 and first 5 residues from the N-terminal end of preS2.
Positions where the wild-type aa varies according to HBV genotype have been highlighted in bold and red. aa: Amino acid; NTCP: Sodium-taurocholate cotransporting
polypeptide.

Amino acid variability/conservation in the preS1 region

them), 401 bp in D (genome size 3182 nt), and 431 bp
in E (genome size 3212 nt)] and positions 2837 to 56
(434 bp) in genotype F (genome size 3215 nt).
A detailed description of the molecular amplification,
NGS procedures carried out, and subsequent bioinformatics
filtering of the sequencing data is provided in the Supp
lementary Materials and Methods (Supplementary
Protocol 1). Briefly, molecular amplification was per
formed by nested PCR. In the final PCR products
(amplicons), the technique incorporated M13 universal
adaptor sequences (forward and reverse), a unique
identifier that enabled grouping of the sequences derived
from each sample [multiplex identifier sequences (MID)],
and sequences A and B (adaptors for the elements of
the UDPS system). The amplicons were purified and
pooled at equimolecular concentrations. The pool was
UDPS-analyzed following the manufacturer’s protocol.
The sequencing data underwent a bioinformatics filtering
[28]
procedure based on an in-house-developed pipeline ,
with all computations done in the R environment
[29]
and language . UDPS reads (sequences from each
individual amplicon) were demultiplexed according to
their MID sequence, and primers were trimmed. After a
quality filter step, reads with the same nt sequence were
collapsed into haplotypes, that is, unique sequences
covering the full amplicon observed on the clean set of
[30]
sequences . We then selected haplotypes covering
the full amplicon and common to both the forward
and reverse strands whose sequences were present
in frequencies of > 0.25% of the complete set of se
quences.

WJG|www.wjgnet.com

The variability/conservation of the aa sequence in the
NTCP-interacting domain was compared to that of
a conserved domain with a pivotal function in virion
[31]
morphogenesis . This domain, located in the preS1
C-terminal (Figure 1), was selected for comparison
purposes as a “sequence conservation control” because
of its high degree of conservation in other ortho
[31]
hepadnaviruses, such as woodchuck hepatitis virus .
The NTCP-interacting domain includes 47 aa from
the N-terminal end of the preS1 region (aa 13-59 in
HBV genotypes A, B, C, F and H, aa 2-48 in genotype
D, and aa 12-58 in genotype E), whereas the virion
morphogenesis domain includes 22 aa lying between
the C-terminal end of preS1 and the first 5 aa from the
N-terminal end of preS2 (aa 103-124 in HBV genotypes
A, B, C, F and H, aa 92-103 in genotype D, and aa
102-123 in genotype E).
The first step of this analysis was to classify the
haplotypes from each patient according to their HBV
genotype by phylogenetic analysis in order to differ
entiate sequence variations from genotype-related
polymorphisms. First, we selected 86 full-length HBV
genome sequences representative of HBV genotypes
A to H, obtained from GenBank (accession numbers in
Supplementary Table 1) and extracted the region from
nt 2837, 2838, or 2844 (depending on viral genotype) to
56. We then determined the maximum genetic distances
between sequences from the same HBV genotype in
this region and the minimum genetic distances between
sequences from different genotypes, in order to set a
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sequence identity threshold. The threshold was then
used to cluster the individual haplotypes from each
patient; sequences with an identity above the identity
threshold were grouped together in the same cluster
and their frequencies were added up. The master
sequence (the most abundant haplotype) from each
cluster and the sequences obtained from the 86 fulllength genomes then underwent phylogenetic analysis
to determine the HBV genotype. Genetic distances
between master sequences and the remaining se
quences in their clusters were below the minimum
distance between sequences from different genotypes;
thus, all the sequences in the cluster were considered
to belong to the same HBV genotype as the master
sequence. All individual haplotypes were then separated
into different fasta files according to the genotype
assigned to each of them and translated into aa
sequences. The aa haplotypes with the same sequence
were recollapsed and their frequencies were updated.
The multiple alignments of aa haplotypes obtained
were used to detect point mutations, each of which was
considered a separate variant, and to determine their
abundance in the two regions studied.
Finally, an overall image of aa conservation/variation
in preS1 for each HBV genotype was obtained by
calculating the information content (IC) of each position.
The IC of an aa position is related to the number of
binary decisions (number of questions with a yes/no
answer) required to find the correct aa in a given
position among a set of 20 possibilities per position in
the multiple alignment of haplotypes. For example,
if the probabilities of finding any of the 20 aa (pa)
were equal in a given position, the number of binary
questions required to find the correct aa in this position
would be log2 (20) = 4.322. However, since the different
aa have different unknown probabilities of occurring in
each position of the multiple alignment, an uncertainty
[32]
measure, -∑a∈aa pa log2 (pa) , also known as “entropy”,
must be added to the IC calculation. Thus the IC of
each aa position was calculated using the following
equation: aa (Site) = log2 (20)-∑a∈aa pa log2 (pa) If only
one aa were found in a given position from the multiple
alignment (maximum conservation), there would be no
uncertainty in that position and the probability of finding
that aa would be 20/20 thus -∑a∈aa pa log2 (pa) = 0 and
aa = log2 (20)-0 = 4.322. On the other hand, if all aa
had an equal possibility of occurring at a given position
(maximum variability), the degree of uncertainty of
that position would be the highest and the probability
of finding any aa in that position would be 1/20 thus -∑
a∈aa pa log2 (pa) = 4.322 and
aa = log2 (20)- 4.322 =
0. These calculations in the regions of NTCP interaction
(47 aa) and virion morphogenesis (22 aa) were also
represented as sequence logos created using the R

Institut Recerca-Hospital Universitari Vall d’Hebron),
CIBERehd and Roche Diagnostics SL.

Determination of the SLC10A1 gene rs2296651 (S267F)
polymorphism

The rs2296651 SNP in the SLC10A1 gene, causing
the NTCP S267F variant, was determined using a new
in-house developed real-time PCR method based on
fluorescence resonance energy transfer (FRET) probes,
on the LightCycler 2.0 analyzer (Roche Diagnostics,
Rotkreuz, Switzerland). PCR primers were designed to
flank a 111-bp region of SLC10A1, including the SNP.
The results obtained by this method were validated
by direct sequencing (Sanger method) in genomic
DNA extracted from blood in 18 samples from the 3
groups: A (12), B (4), and C (2). A detailed explanation
of the rs2296651 detection procedure by both realtime PCR and Sanger sequencing is provided in the
Supplementary Materials and Methods (Supplementary
Protocol 2).

RESULTS
Identity threshold between sequences of the same
HBV genotype in reference sequences from the region
studied

In the regions from nt 2837, 2838, or 2844 (depending
on viral genotype) to 56, extracted from the 86 fulllength HBV genome sequences representative of
genotypes A to H, analysis of the maximum genetic
distance in each genotype and the minimum genetic
distance between different genotypes (data not shown)
resulted in a sequence identity threshold between
genotypes of 95%. Therefore, for each patient,
haplotypes with a sequence identity > 95% were
clustered together, and the master sequence from each
cluster was included in the phylogenetic analysis to
determine the HBV genotype.

preS1 variability and/or conservation

The NTCP-interacting domain (47 aa) and virion
morphogenesis domain (22 aa) were analyzed in the 18
patients in group A with viremia levels > 4 logIU/mL. In
total, 118779 quality-filtered sequences were obtained
from the samples, and a median of 5546 (1903 to
13126, interquartile range, 3585) sequences containing
both domains were analyzed per sample.
In general, aa residues from the NTCP-interacting
domain were conserved within each HBV genotype
among the different viral genomes examined. Only
12 of 47 (25.5%) aa positions showed genotypeunrelated changes occurring at > 1% of the HBV
quasispecies, a somewhat lower percentage than in
the virion morphogenesis domain (7 of 22 aa positions,
31.8% with genotype-unrelated changes) (Figure 2B).
Interestingly, according to the consensus sequences
of HBV genotypes A to H of both domains, obtained
from the 86 full-length HBV genome sequences from

language package, motifStack[33].
The statistical and bioinformatics methods used in
this study were reviewed by Dr. Josep Gregori from the
liver disease-viral hepatitis laboratory (Vall d’Hebron
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GenBank, the virion morphogenesis domain had a lower
percentage of aa positions with genotype-associated
changes (viral polymorphisms) than the NTCP-inte
racting domain (6 of 22, 27.3% vs 16 of 47, 34%,
respectively) (Figure 2A). On analysis of conservation
throughout the NTCP-interacting domain, we observed
a high degree of conservation between aa positions 2
to 21 (viral genotype D numeration), in which no aa
changes in proportions greater than 1% were found,
except in one genotype E patient who showed the H5Q
variant in 11.8% of haplotypes (representing 5.9% of
all genotype E haplotypes obtained) (Supplementary
Table 2). Conservation was especially relevant between
aa 9 and 21: very few changes were seen within each
HBV genotype (none at > 1%) and wild-type aa were
the same in the different genotypes (Figures 2 and 3).
According to the sequence logos layout, which shows
the IC analysis for each aa position, HBV genotype C
displayed the highest level of conservation: unaltered
in the NTCP-interacting domain and only 1 aa change
at position 124 in the virion morphogenesis domain
(112 according to viral genotype D numeration), in
the 4 patients included. HBV genotype E showed the
highest variability, although it should be remembered
that only 2 patients had this genotype (Supplementary
Figure 1). HBV genotypes D and A (the most prevalent
[34]
in our area) showed moderate variability, with aa 28,
103, and 109 being particularly variable in genotype D,
and aa 54 and 120 (43 and 109 according to genotype
D numeration, respectively) particularly variable in
genotype A (Supplementary Figure 1).
Of note, the sequence logos, including all haplotypes
regardless of viral genotype (Figure 3) also indicated
that proline (P) residues were highly conserved.
Nonetheless, the P residue at position 30 of the NTCPinteracting domain showed a change to lysine (K)
in HBV genotype F and to threonine (T) in genotype
H, and the P residue in position 36 changed to T in
genotype E. Furthermore, there was a notable complete
preservation of the five P residues located in the virion
morphogenesis domain. Interestingly, serine residues
(S) in this domain showed changes to T (positions 109
and 124 in HBV genotype B and positions 98 and 113
in genotype D) or tyrosine (Y) (position 123 in HBV
genotype E and position 113 in genotype D) (Figure 3
and Supplementary Figure 1); all of these have similar
physicochemical characteristics, being the residues most
[35]
commonly phosphorylated . In general, the S residues
of the NTCP-interacting domain were conserved within
each viral genotype, but different aa were sometimes
seen in this position between the different genotypes
(Supplementary Figure 1).
Of note, 4 of our patients, harboring haplotypes
classified into HBV genotypes A, D, E and H, showed
a significant percentage of changes in the preS2 initial
methionine residue (position 109 in genotype D)
(Supplementary Table 2 and Supplementary Figure 1).
Other relevant aa changes in the NTCP-interacting and
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virion morphogenesis domains of the patients and their
frequencies are shown in Supplementary Table 2.

SLC10A1 gene rs2296651 (S267F) polymorphism

The SLC10A1 gene rs2296651 SNP (S267F) was
determined in all 246 individuals recruited (95.53%
Caucasian, 2% Asian, and 2.47% Sub-Saharan), which
constituted a representative population of patients
from the outpatient clinic of our hospital. None of them
presented the SNP. Real-time PCR results were also
confirmed by direct sequencing in 18 blood samples
from the 3 groups: A (12), B (4), and C (2).

DISCUSSION
Since it was first identified as a specific receptor
enabling HBV entry into human hepatocytes, the NTCP
bile salt transporter has gained significant attention
as a target in antiviral therapy for HBV and HDV
[12,36,37]
(which share the same entry mechanism)
. The
interaction between viral particles and this transporter
is mediated by the region between aa 2 and 48 (HBV
genotype D numeration) of the preS1 N-terminal end
[15-18]
of LHBs
, where aa 2 (glycine) must be bound
to myristic acid (N-myr) for the viral particles to be
[38,39]
infective
. Identification of this interaction has
allowed the development of drugs that can block
[20]
HBV entry by targeting NTCP . An example of these
drugs is Myrcludex-B, a synthetic myristoylated 47-aa
lipopeptide derived from aa 2 to 48 of preS1, which
has proven to effectively block HBV cellular entry in
[18,40]
[41-43]
vitro
, in vivo
, and in patients included in clinical
[44,45]
[46]
trials
. In a recent report, Tsukuda et al explored
an alternative strategy for blocking HBV entry based
on proanthocyanidin and its analogs, which directly
act on LHBs. Hence, inhibition of viral cellular entry is
becoming consolidated as a viable new therapeutic
approach against HBV infection. In this line, analysis
of the preS1 N-terminal NTCP-interacting domain and
the presence of the rs2296651 SNP (S267F) may be
relevant as prognostic markers of the response to this
new therapy because of their potential roles in the
interaction that enables HBV to infect hepatocytes.
To our knowledge, this is the first study in which
the variability/conservation of the essential preS1
NTCP-interacting domain has been investigated by
NGS. The results show a high degree of conservation
between preS1 aa positions 2 to 21 (HBV genotype
D numeration): aa changes in proportions greater
than 1% were found in a single position in only 1/18
patients. Of note, among the 20 aa in the N-terminal
end of preS1, wild-type aa were found to be conserved
between positions 9 and 21 in all genotypes included.
These observations suggest an essential function of this
segment of preS1, which would agree with the results
[17]
of a study by Glebe et al
In that report, hepatitis
B attachment site mapping by infection-inhibiting
amino-terminally acylated preS1-derived lipopeptides
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[48,49]

highlighted the essential role of aa 9 to 18 for viral
particle binding to NTCP. In addition, the findings from
[17]
that study indicated that aa sequences in positions 29
to 48 would play an accessory role, a fact that seems
to justify the more significant variability in this region
observed in our NGS analysis. Therefore, conservation/
variability is not homogenous throughout the entire
preS1 NTCP-interacting domain: whereas segments
with a previously described essential role in the NTCP
interaction show a highly conserved sequence, positions
with accessory roles that are nonetheless needed for
strongest blocking show greater variability. preS1
structural simulations would be needed to help clarify
the contribution of each segment in NTCP interactions
and the sequence conservation requirements for their
respective functions.
After their translation, approximately 50% of LHBs
undergo posttranslational topological reorientation,
in which their N-terminal end is translocated to the
[47]
endoplasmic reticulum lumen . This gives rise to
two types of LHBs: those in which the preS1 region
has an external position in the viral particles and
those in which this region has an internal position.
Whereas the N-terminal region of external LHBs
[15]
is involved in NTCP interactions , the C-terminal
part of internal LHBs between aa 92 and 113 (HBV
genotype D numeration) has a pivotal function in virion
morphogenesis by directly contacting the nucleocapsid
[31]
during viral particle budding . Moreover, this latter
domain is reported to be highly conserved among
[31]
Orthohepadnavirus , a concept that is supported by
the lower percentage of HBV genotype-associated viral
polymorphisms in the virion morphogenesis domain
than in the NTCP-interacting domain (27.3% vs 34%,
respectively) in consensus sequences of genotypes A
to H obtained from the 86 HBV genome sequences
downloaded from GenBank. However, in the present
study, HBV genotype-unrelated changes above 1%
of the quasispecies were found in 25.5% of NTCP vs
31.8% of C-terminal positions, with both domains being
most highly conserved in genotype C and most highly
variable in genotype E (a limited finding because this
high variation was observed in 1 of only 2 genotype E
patients included). Thus, while the NTCP-interacting
domain seems to be more highly conserved within
each genotype, the C-terminal virion morphogenesis
domain seems more highly conserved between different
HBV genotypes. The high proportion of conserved
aa positions in both domains within the same viral
genotype and between different genotypes seems to
confirm that they conduct essential functions for HBV
replication. Again, structural simulations would likely
be helpful to understand the reasons for the sequence
conservation and variability in these two domains.
Interestingly, P and S residues generally showed
a high degree of conservation, particularly in the
C-terminal virion morphogenesis domain. It must be
kept in mind that P is often found at the end of the α
helix or in turns or loops, and it contributes to protein

WJG|www.wjgnet.com

folding by stabilizing these structures
, thus being
associated with essential structural protein motifs.
Conservation of most P residues in the two preS1
domains suggests their structural preservation, which
would facilitate interactions between external LHBs and
the NCTP cell receptor or between internal LHBs and
nucleocapsids in the same manner as a lock and key.
In the virion morphogenesis domain, in positions where
S was the wild-type aa, we observed that changes
with > 1% prevalence within the same HBV genotype
or between different genotypes were either to T or
to Y. Bearing in mind that S, T, and Y are the main
[35]
targets for phosphorylation in eukaryotic cells , the
tendency to keep these specific aa in specific positions
of the virion morphogenesis domain suggests that
they could be phosphorylated. This phosphorylation
could be important for the functionality of the virion
morphogenesis domain. Site-directed mutagenesis
experiments, with modification of the P and S residues,
could clarify the function of these two conserved aa in
both the preS1 essential domains analyzed.
In the present study, we also assessed the
prevalence of the SLC10A1 gene SNP, rs2296651
(S267F), in all 246 participants. The effect of this SNP on
CHB is controversial. Most studies have reported that it is
associated with CHB resistance, as it might interfere with
ligand binding, thereby preventing HBV from cellular
[24,26]
entry
. Nonetheless, one study has shown that
[25]
rs2296651 is associated with enhanced HBV infection .
The prevalence of rs2296651 varies greatly between
[22,23]
different ethnicities and geographic locations
, being
identified prevalently in Asian populations, with the
[23]
highest rates in southern China and Vietnam . This
polymorphism has not been detected in Americans from
[22]
European, African or Hispanic origins . However, its
prevalence in our area (typically classified as having an
[50]
intermediate HBsAg prevalence)
where Caucasian
populations mainly of European Mediterranean origin
are predominant, has never been assessed. In the
present study, rs2296651 was not found in any of
the HBV patients or controls studied. Considering the
substantial prevalence of this SNP in Asian populations
where HBV infection is endemic, the low prevalence
found in our area may be associated with the lower
[51]
incidence of HBV infection .
Although the rs2296651 SNP seems to be absent
in the chronic HBV-infected population attended in
our setting, multiple SNPs in SLC10A1 have been
found at relatively high allele frequencies in certain
[21-26,52]
[22]
ethnic populations
. As an example, Ho et al
reported 6 additional ethnicity-dependent SNPs in the 5
exonic regions of SLC10A1 (3 were non-synonymous
and caused aa changes: I223T, I279T, K314E). The
functionally relevant NTCP polymorphisms would be
expected to modify bile acid homeostasis and HBV
cellular entry; hence, it cannot be excluded that
Caucasian individuals might have additional, still
undescribed NTCP SNPs that could interfere with
HBV infectivity. Therefore, further studies should be
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performed to characterize and determine the prevalence
of NTCP SNPs in different ethnic populations and their
implications in NTCP function.
This study includes a representative sample of CHB
patients attended in our center and includes most HBV
genotypes (A to F and H). Necessarily, the number
of patients carrying the less prevalent genotypes in
our area was low. This limitation may have biased the
conservation/variability findings in some genotypes
due to individual variability in some patients, as was
likely the case of the variability in genotype E. Thus,
the findings should be considered preliminary, requiring
confirmation in further studies with larger populations.
Another potential limitation is that the NGS technology
used in this study (ultra-deep pyrosequencing in the
GS-Junior platform, 454/Roche) has been discontinued
by the supplier. When the study was designed, this
technique was selected as the best available one for
our purposes, as it enabled inclusion of the preS1
regions of NTCP interactions and virion morphogenesis
in the same sequence read, using a single amplicon. A
suitable alternative to enable future studies aimed at
confirming and expanding the results of the present
report, and in general to analyze the viral quasispecies,
could be Sequencing By Synthesis technology on MiSeq
platforms (Illumina, San Diego, United States), as this
technique can generate sequence reads with a length
similar to that of the fragment analyzed in this study.
In conclusion, NGS analysis of preS1 domains in
strains from 7 of the 8 main HBV genotypes showed
a high degree of conservation of essential amino acids
related with the NTCP interaction. Proline residues in
both domains and potential phosphorylation targets
in the virion morphogenesis domain were also highly
conserved. Given the low to null prevalence of the
rs2296651 SNP of the SLC10A1 gene in our patient
population, we would not expect interference from
NTCP in its interaction with preS1 or preS1-derived
synthetic lipopeptide molecules. Thus, these preliminary
results indicate that inhibition of HBV entry by NTCP
block therapies would be a suitable treatment in our
CHB population.
The findings from this exploratory study are locally
relevant as they provide preliminary information
on a population previously uncharacterized in this
regard. However, they have limited robustness for
generalizations. Nonetheless, the study illustrates the
value of NGS to investigate the variability of the preS1
region of the LHBs, and real-time PCR melting curve
analysis to detect the rs2296651 polymorphism causing
S267F variant in NTCP, the HBV cellular receptor.
Future studies with larger patient samples are needed
to support the preS1 results and investigate additional
NTCP polymorphisms. Finally, functional and structural
studies will help decipher the implications of the high
degree of conservation of the preS1 domains on HBV
activity.
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ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

The preS1 region of the hepatitis B virus (HBV) large envelope protein interacts
with its cellular receptor, sodium-taurocholate cotransporting polypeptide
(NTCP), to enable HBV infectivity. Identification of this interaction has led
to the development of drugs that can block HBV entry by targeting NTCP,
such as synthetic myristoylated lipopeptides derived from the domain of the
preS1 N-terminal end which interacts with NTCP (hereafter, NTCP-interacting
domain), that can dock to this receptor, blocking the HBV entry mechanism.
Several clinical trials are currently testing this type of HBV entry inhibitor; for
example, Myrcludex-B. Furthermore, HBV cellular entry may also be impaired
by the single nucleotide polymorphism (SNP) rs2296651 in the SLC10A1
gene. This SNP causes the NTCP S267F variant, which can affect interactions
between the receptor and viral particles. Study of these viral and host features
may be relevant to understand the interaction of NTCP with the preS1 NTCPinteracting domain and, reasonably, to provide an indication of the potential
effectiveness of treatments with synthetic myristoylated lipopeptides derived
from this domain.

Research motivation

Sequence variability in the NTCP-interacting domain might change its affinity to
attach to NTCP, and this would alter the dynamics of competition with synthetic
myristoylated lipopeptide inhibitors of HBV entry, potentially weakening the
effectiveness of these treatments. The presence of the rs2296651 SNP causing
the S267F NTCP variant could also impair the effectiveness of HBV treatment,
as synthetic myristoylated lipopeptides have the same amino acid (aa)
sequence as the NTCP-interacting domain. These factors could be analyzed
in specific patient populations to determine the potential effect they may have
on treatment with the new therapies designed to block NTCP and avert HBV
binding to hepatocytes. This was done in the chronic hepatitis B (CHB) patient
population of our area (Barcelona, Spain), mainly Caucasians of European
Mediterranean origin, using robust methods that can be applied in other patient
populations.

Research objectives

The main objectives of the study were to determine the variability/conservation
of NTCP-interacting domain and the prevalence of the rs2296651 SNP (S267F
NTCP variant) in chronically infected HBV patients. Using a high-throughput
analytical protocol based on next-generation sequencing (NGS) and an inhouse developed PCR using fluorescence resonance energy transfer (FRET)
probes, these objectives were realized in an exploratory sample of HBV
patients from our setting. Analysis of these viral and host features could be
relevant to understand the interactions between HBV and its receptor, and to
determine their applicability as prognostic markers of response to treatment
strategies based on NTCP blocking.

Research methods

We performed two main analyses in serum samples from 246 individuals in
3 groups: patients with CHB, patients with resolved HBV infection, and HBVuninfected individuals. First, the variability/conservation of aa sequences in
the NTCP-interacting domain was analyzed and compared to that of a highly
conserved preS1 C-terminal domain associated with virion morphogenesis.
Comparison between the NTCP-interacting domain and the highly conserved
virion morphogenesis domain gave an idea of the magnitude of sequence
conservation of the former. To perform this analysis, we developed a highthroughput protocol based on NGS. The raw sequencing data obtained
underwent a bioinformatics filtering and analysis procedure based on an inhouse-developed pipeline with all computations done in R environment and
language. The conservation/variation of these sequences was analyzed by
calculating the information content of each position, which was represented
graphically using sequence logos, as explained in detail in the Materials and
Methods section of the main article.
Second, to estimate the prevalence of the rs2296651 polymorphism in our
patient population, this SNP was determined in all samples from the patients
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included. To accomplish this aim we designed a new in-house real-time PCR
method based on FRET probes.
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Abstract
AIM
To elucidate the mechanism of patchouli alcohol (PA)
in treatment of rat models of diarrhea-predominant
irritable bowel syndrome (IBS-D).

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by
the Institutional Animal Care and Use Committee of Guangzhou
University of Chinese Medicine (IACUC protocol number:
[2017038]).

METHODS
We studied the effects of PA on colonic spontaneous
−7
motility using its cumulative log concentration (3 × 10
−4
mol/L to 1 × 10 mol/L). We then determined the responses
of the proximal and distal colon segments of rats to the
−9
−
following stimuli: (1) carbachol (1 × 10 mol/L to 1 × 10
5
mol/L); (2) neurotransmitter antagonists including
ω
N -nitro- l -arginine methyl ester hydrochloride (10

Conflict-of-interest statement: The authors declare that there is
no conflict of interest exists in this study.
Data sharing statement: No additional data are available.
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selected by an in-house editor and fully peer-reviewed by external
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μmol/L) and (1R*, 2S*)-4-[2-Iodo-6-(methylamino)-9H-

Zhou TR, Huang JJ, Huang ZT, Cao HY, Tan B. Inhibitory
effects of patchouli alcohol on stress-induced diarrheapredominant irritable bowel syndrome. World J Gastroenterol
2018; 24(6): 693-705 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i6/693.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i6.693

purin-9-yl]-2-(phosphonooxy)bicyclo[3.1.0]hexane-1methanol dihydrogen phosphate ester tetraammonium
salt (1 μmol/L); (3) agonist α,β-methyleneadenosine
5′-triphosphate trisodium salt (100 μmol/L); and (4)
single KCl doses (120 mmol/L). The effects of blockers
against antagonist responses were also assessed
by pretreatment with PA (100 μ mol/L) for 1 min.
Electrical-field stimulation (40 V, 2-30 Hz, 0.5 ms pulse
duration, and 10 s) was performed to observe nona
drenergic, noncholinergic neurotransmitter release in
IBS-D rat colon. The ATP level of Kreb’s solution was
also determined.

INTRODUCTION
Pogostemonis Herba is the dry aerial part of Po
gostemon cablin (Blanco) Benth, which is a wellknown medicinal herb in Asian countries and has
been widely used to treat functional gastrointestinal
[1]
disorders . Patchouli alcohol (PA; its structure is shown
in Figure 1) is a tricyclic sesquiterpene extracted from
Pogostemonis Herba; this compound is also the major
active ingredient of Pogostemonis Herba. In European
countries, PA is widely used in products for daily use
[2]
and cosmetics . Previous studies on PA have shown
its component’s pharmacological effects, including
immunomodulatory, anti-inflammatory, antioxidative,
antimicrobial, and antitumor activities; however, the
[3]
use of PA in the medical field has not been reported .
[4,5]
In two previous works , PA affects the calcium ion
antagonism and exerts antiemetic properties by ame
liorating the excessive contraction in the digestive
organ smooth muscle. These results implied that PA
might play a role in neurotransmission regulation of
the digestive system smooth muscle. However, no
further research on the pharmacological effects of PA in
neurotransmission regulation has been reported.
Irritable bowel syndrome (IBS) is a prevalent
functional bowel disorder, and diarrhea-predominant
IBS (IBS-D) is a major subtype of this disease. This
subtype not only inflicts a significant socioeconomic
[6]
burden , but also severely decreases the quality
[7]
of life in patients with this condition . At present,
the precise pathophysiological mechanism of IBS-D
remains unclear. Psychosocial stress, neuroendocrine
abnormality, and disturbed gastrointestinal motility are
[8]
[9,10]
potential modes of pathogenesis . Recent studies
have shown that the abnormal changes in peripheral
nerve factors can directly affect the normal movement
and secretion of the gastrointestinal tract and sensitivity
of gastrointestinal wall to mechanical or chemical
stimuli. The myenteric plexus in the intestinal tract
regulates the intestinal motility. Neuropsychological
factors have been given serious attention in clinical
and basic medical studies on IBS-D. Several drugs
that target the neurotransmitter receptors, such as
loperamide, eluxadoline, alosetron, and some anti
depressants, are considered as the treatment options
[11]
for patients with IBS-D . Additionally, medical
food, medications, and psychological therapies can
[12]
alleviate the symptoms of IBS-D to a certain extent .
However, a standard treatment algorithm has not

RESULTS
PA exerted a concentration-dependent inhibitory effect
on the spontaneous contraction of the colonic longitudinal
smooth muscle, and the half maximal effective con
centration (EC50) was 41.9 μmol/L. In comparison with
the KCl-treated IBS-D group, the contractile response (mg
contractions) in the PA + KCl-treated IBS-D group (11.87
± 3.34) was significantly decreased in the peak tension
(P < 0.01). Compared with CCh-treated IBS-D rat colon,
the cholinergic contractile response of IBS-D rat colonic
smooth muscle (EC50 = 0.94 μmol/L) was significantly
decreased by PA (EC50 = 37.43 μmol/L) (P < 0.05). Lack
of nitrergic neurotransmitter release in stress-induced
IBS-D rats showed contraction effects on colonic smooth
muscle. Pretreatment with PA resulted in inhibitory effect
on l-NAME-induced (10 μmol/L) contraction (P < 0.05).
ATP might not be the main neurotransmitter involved in
inhibitory effects of PA in the colonic relaxation of stressinduced IBS-D rats.
CONCLUSION
PA application may serve as a new therapeutic approach
for IBS-D.
Key words: Patchouli alcohol; Colonic longitudinal
smooth muscles; Diarrhea-predominant irritable bowel
syndrome; Enteric nervous system; Cholinergic nerves;
Non-adrenergic non-cholinergic; Potassium channel
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We reported the results from an isolated
colonic smooth muscle experiment in a chronic
wrap-restraint stress-induced rat model of diarrheapredominant irritable bowel syndrome (IBS-D). The
model enabled us to study the possible mechanisms
underlying IBS-D and the inhibitory effects of patchouli
alcohol (PA) on an isolated IBS-D rat colon. This study
demonstrated for the first time that the PA was involved
in cholinergic and nonadrenergic, noncholinergic neuro
transmitter regulation in the enteric nervous system
(ENS) in vitro . PA acts as a neurotransmitter agent in
ENS. The results suggest that PA is a new treatment
option for IBS-D.
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rats underwent a fourteen-day rest period.
OH

Chemicals and reagents

In our previous studies, we confirmed PA (purity >
99.0%) by its melting point, infrared spectrometry,
1
13
H and C nuclear magnetic resonance, and mass
[14,15]
spectrometry analyses
. The following drugs
were used. Dimethyl sulfoxide (DMSO) was used
as medium to dissolve PA (DMSO < 0.2% in all
experiments). Carbachol (CCh; Sigma-Aldrich,
ω
United States), N -Nitro-l-arginine methyl ester
hydrochloride (l-NAME; Sigma-Aldrich, United States),
α,β-methyleneadenosine 5′-triphosphate trisodium
salt (α,β-MeATP; Tocris Bioscience, United Kingdom),
(1R*,2S*)-4-[2-Iodo-6-(methylamino)-9H-purin-9-yl]2-(phosphonooxy)bicyclo[3.1.0]hexane-1-methanol
dihydrogen phosphate ester tetraammonium salt (MRS
2500; Tocris Bioscience, United Kingdom), potassium
chloride (Sigma-Aldrich, United States), and an ATP
determination kit (ThermoFisher, United States)
were also utilized. All these reagents were dissolved
in distilled water except for KCl, which was distilled
in Kreb’s solution. All other reagents used were of
analytical grade.

H

H

H

Figure 1 Structure of patchouli alcohol.
[13]

been established for IBS-D . The present in vitro
study was based on our in vivo model. Our in vivo
study showed that compared with the control group,
significant visceral hypersensitivity in rat model rats was
observed by the abdominal withdrawal reflex score on
st
th
the 21 day to the 28 day of the model establishment.
The frequency of defecation in model rats increased
th
th
significantly from the 14 day to the 28 day of model
establishment. The stool of the model rats was mostly
mushy. HE staining indicated that the intestine tissue
samples in model rats showed no evident pathological
changes compared with rats in the control group.
Therefore, based on the literature and our previous
work, we hypothesize that the action mechanism of
PA to treat IBS-D is related to the drug regulation of
the neural pathways in the enteric nervous system
(ENS) via its influence on neurotransmitter release.
Therefore, the present study aims to further explore
the effects of PA on isolated IBS-D rat colon in vitro.
Our results also indicated that PA plays a specific role
in neurotransmitter release regulation in ENS.

Tissue preparation

After euthanasia by CO2 asphyxiation, the rats were
weighed, and colons and jejuna were excised and
placed in 37 ℃ Kreb’s solution (NaCl, 120 mmol/L; KCl,
5.9 mmol/L; NaHCO3, 25 mmol/L; Na2HPO4·12H2O,
1.2 mmol/L; MgCl2·6H2O, 1.2 mmol/L; CaCl2, 2.5
mmol/L; and dextrose, 11.5 mmol/L). At the end of the
experiments, the weight of each tissue from the colon
and jejunum was recorded after blotting on filter paper.

Measurement of the longitudinal smooth muscle
contraction

Full-thickness colonic and jejunal segments were
isolated from the control and IBS-D model rats. Hung
in the direction of the longitudinal muscle, one end of
each tissue was attached to a fixed hook, whereas the
other end of each strip was attached to a flexible hook
with surgical suture. Each surgical suture was affixed in
a force transducer that measured the isometric tension
(Harvard Apparatus, United States). Afterward, the
tissues were transferred to an organ bath containing
Kreb’s solution, maintained at 37 ℃, and continuously
gassed with carbogen (950 mL/L O2 + 50 mL/L CO2).
After a tension-free adaptive treatment for 0.5 h, the
tissues from the colon and jejunum were stretched
under 1.4 g of tension and equilibrated for 1 h. Force
measurements were displayed on a strip chart recorder
(Harvard Apparatus, United States; LabChart, New
Zealand) and were digitally acquired by computer
(LabChart software).
After equilibration, PA of various concentrations (3 ×
−7
−4
10 mol/L to 1 × 10 mol/L) were added to each bath

MATERIALS AND METHODS
Animal preparation

Male Sprague-Dawley (SD) rats aged four weeks and
weighing 100 ± 10 g were purchased and cared for
in strict compliance with the Guide to Animal Use and
Care published by the Research Center for Laboratory
Animals (Guangzhou University of Chinese Medicine,
China). Rats were maintained under a constant
12 h/12 h light/dark cycle at an environmental tem
perature of 20 ℃ to 25 ℃ and humidity of 50% to 70%.
The Animal Care and Use Committee of the Guangzhou
University of Chinese Medicine approved all procedures
used in this study.

Animal model of IBS-D

After the 7-day adaptation, the male SD rats were
randomly divided into two groups as follows: control
and model groups. Model group rats were subjected to
a 2 h wrap-restraint period daily for 14 d. Then, these
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Figure 2 Inhibitory effects of patchouli alcohol on the spontaneous and EFS-induced contractions of the isolated colonic longitudinal smooth muscle. A
and B: mechanical recording and linear regression curve of the cumulative log concentration-response of PA-induced (3 × 10-7 mol/L to 1 × 10-4 mol/L) relaxation of
the spontaneous contraction in the colonic longitudinal smooth muscles of the control rats (n = 8; bP < 0.01 vs vehicle DMSO group; unpaired t test). C: Relaxation
effect of PA on EFS-induced contraction response of the colonic longitudinal smooth muscle in control, IBS-D, and PA-treated (100 μmol/L) IBS-D rats (control group:
n = 38, IBS-D group: n = 31, PA-treated IBS-D group: n = 8. aP < 0.05 vs control, bP < 0.01 vs control, dP < 0.01 vs group IBS-D; ANOVA). D: Contraction response to
EFS of the jejunal longitudinal smooth muscle (control group: n = 9, IBS-D group: n = 6. aP < 0.05 vs control; unpaired t test). Data are expressed as mean ± SE. PA:
Patchouli alcohol; EFS: Electrical field stimulation, PA: Patchouli alcohol.
−9

to observe the drug effects on spontaneous contraction
of the colonic longitudinal smooth muscle. At the end of
each experiment, the colonic contractile responses to
KCl (120 mmol/L) in the control and IBS-D model rats
were compared.
−9
In this in vitro study, CCh (1 × 10 mol/L to 1 ×
−5
10 mol/L) was added to the organ bath, and the
contractile responses in the control and IBS-D model
rats were compared. After the contractile response of
CCh reached a plateau, the strips were washed thrice
and equilibrated for 1 h in the next experiment.
After equilibration, electrical field stimulation (EFS;
40 V, 2 Hz to 30 Hz, 0.5 ms pulse duration, 10 s) was
performed to elicit the nerve-mediated contraction of
the colonic tissue strips. EFS was achieved through the
platinum electrodes connected to a stimulator (Harvard
Apparatus, United States). The inhibitory or excitatory
neurotransmitter agents, such as l-NAME (10 μmol/L),
α,β-MeATP (100 μmol/L), and MRS 2500 (1 μmol/L),
were separately treated in each bath before EFS.
Tissues were pretreated at a single PA concen
tration of 100 μmol/L to observe its drug effects on the
functions of the neurotransmitter agents, including CCh

WJG|www.wjgnet.com

−5

(10 mol/L to 10 mol/L), l-NAME (10 μmol/L), MRS
2500 (1 μmol/L), and high-extracellular-concentration
KCl (120 mmol/L), separately during the spontaneous
or EFS-induced contraction of the intestinal segments.
In this in vitro study, each tissue was subjected to a 1 h
equilibration before the next test.

ATP release measurements

After EFS, Kreb’s solution in each bath was collected
(400 μL), frozen immediately in liquid nitrogen, and
then stored at -80 ℃ until assay for ATP. The ATP levels
in samples were determined by the luciferin-luciferase
ATP bioluminescence assay kit (ATP Determination
Kit, Thermo Fisher, United States). To calculate ATP
release, we corrected the amounts detected in samples
using the standard curve.

Statistical analysis

Data are expressed as means ± SEs around the
mean. Non-pairwise comparisons were performed
using the Student’s t test. ANOVA was used to test
three or more variables for statistical significance.
Nonlinear and linear regression analyses were also
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Figure 3 Inhibitory effects of patchouli alcohol on contractions induced by high extracellular KCl levels in isolated colonic longitudinal smooth muscle.
Mechanical recording (A to D) and histogram (E) of relaxation effect of PA (100 μmol/L) on colonic contractions induced by high extracellular KCl levels in IBS-D rats
[KCl-treated control group A: n = 27 , KCl-treated IBS-D group B: n = 23, PA + KCl-treated control group C: n = 8, PA + KCl-treated IBS-D group D: n = 8. aP < 0.05 vs
KCl-treated control group, dP < 0.01 vs KCl-treated IBS-D group; unpaired t-test]. Data are expressed as mean ± SE.

utilized as appropriate. Calculations were performed
using SPSS 20.0 based on the number of individual
tissue segments. A P value of < 0.05 was considered
statistically significant.

frequency of the spontaneous contraction of the colonic
smooth muscle did not show significant differences
between groups (P > 0.05). Compared with the control
group, the EFS-induced contraction of the colonic
longitudinal smooth muscles in the IBS-D group signi
ficantly increased at 20 and 30 Hz (P < 0.05). In
contrast, the colonic tissues of the PA-pretreated group
(100 µmol/L, 1 min) showed a significantly lower EFSinduced contraction than that of the IBS-D group (P
< 0.01). Meanwhile, the jejunal tissue tension was
significantly lower at 30 Hz in the IBS-D group than in
the control group (P < 0.05) (Figure 2).

RESULTS
Inhibitory effects of PA on the spontaneous and EFSinduced contraction of the isolated colonic longitudinal
smooth muscle

After equilibration, colonic muscle strips developed
spontaneous basal tension for several minutes. A total
−7
of 6 cumulative PA concentrations (3 × 10 mol/L
−4
to 1 × 10 mol/L) caused a notable concentrationdependent decrease in the basal tension of the isolated
rat colonic longitudinal muscle, and the half maximal
effective concentration (EC50) was 41.9 μmol/L (P <
−6
−4
0.01). PA (3 × 10 to 1 × 10 mol/L) lowered the
amplitude of the spontaneous contraction in the lon
gitudinal smooth muscles of the control rats relative
to that in the vehicle strips; however, the difference
was insignificant (P > 0.05). The effect of PA on the
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Inhibitory effects of PA on the isolated colonic
longitudinal smooth muscle contraction induced by
high extracellular KCl concentration

Contractile responses to KCl (120 mmol/L) were tested
at the end of each experiment; the results showed
significant differences between the control and IBS-D
groups. The KCl peak contractile responses (mg
contractions) reached 17.05 ± 2.47 and 29.00 ± 4.38
in the control and IBS-D rat colons, respectively (P <
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Figure 4 Inhibitory effects of PA on CCh-induced contraction in the isolated colonic longitudinal smooth muscle. Mechanical recording (A to F) and
cumulative log concentration-response curve (G) of CCh-induced contraction of the smooth muscle in IBS-D rats. Colonic tissues (control group [A]: n = 14, IBS-D
group [B]: n = 16; aP < 0.05 vs control group, unpaired t test). Jejunal tissues (H) (control group [C]: n = 14, IBS-D group [D]: n = 11; aP < 0.05 vs control group,
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Figure 5 Inhibitory effects of patchouli alcohol on EFS-induced nitrergic contractile responses of isolated IBS-D rat colonic longitudinal smooth muscle.
A-F: Mechanical recording and line chart of the mechanism and inhibitory effect of PA (100 μmol/L) on nerve-mediated contraction of stress-induced IBS-D rat colon;
G: Effect of L-NAME on EFS-induced contraction of control rat colon [control group (A): n = 32, IBS-D group (B): n = 31, L-NAME-treated control group (C): n = 12; aP
< 0.05 vs control group, bP < 0.01 vs control group, cP < 0.05 vs group IBS-D; ANOVA]; H: Effect of PA on L-NAME-induced contraction of IBS-D rat colon [L-NAMEtreated IBS-D group (E): n = 14, PA + L-NAME-treated IBS-D group (F): n = 15; eP < 0.05 vs L-NAME-treated IBS-D group, fP < 0.01 vs L-NAME-treated IBS-D group,
unpaired t-test]; I: Effect of PA on L-NAME-induced contraction of control rat colon [L-NAME-treated control group: n = 12, PA + L-NAME-treated control group (D): n
= 16. gP < 0.05 vs L-NAME-treated control group; unpaired t-test]. Data are expressed as mean ± SE. L-NAME: Nω-nitro-L-arginine methyl ester hydrochloride, EFS:
Electrical field stimulation; IBS-D: Irritable bowel syndrome; PA: Patchouli alcohol.
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Figure 6 Effect of patchouli alcohol on a P2Y1 receptor antagonist in EFS-induced contraction and ATP level of isolated colonic longitudinal smooth
muscle. A-G: Mechanical recording, line chart, and histogram of the mechanism and effect of PA (100 μmol/L) on nerve-mediated rat colon contraction; H: Relaxation
effect of α,β-MeATP and PA on EFS-induced contraction in IBS-D rats [control group (A): n = 32, IBS-D group (B): n = 31, α,β-MeATP-treated IBS-D group (C): n =
16, PA-treated IBS-D group (D): n = 8. aP < 0.05 vs control group, bP < 0.01 vs control group, dP < 0.01 vs group IBS-D; ANOVA]; I: Relaxation response of PA to MRS
2500-treated IBS-D colon [MRS 2500-treated IBS-D group (F): n = 13, PA + MRS 2500-treated IBS-D group (G), n = 15. aP < 0.05 vs MRS 2500-treated IBS-D group;
unpaired t-test]; J: Effect of MRS 2500 on control and IBS-D rat colons [control group: n = 32, IBS-D group: n = 31, MRS 2500-treated control group (E): n = 13, MRS
2500-treated IBS-D group: n = 13. bP < 0.01 vs control group, dP < 0.01 vs group IBS-D; ANOVA]; K: ATP level of Kreb’s solution [control group: n = 23, IBS-D group:
n = 17, α,β-MeATP-treated IBS-D group: n = 21, PA-treated IBS-D group: n = 8. aP < 0.05 vs control group, cP < 0.05 vs group IBS-D; ANOVA]; L: [Control group: n
= 23, MRS 2500 treated control group: n = 12, IBS-D group: n = 17, MRS 2500-treated IBS-D group: n = 16. aP < 0.05 vs control group, cP < 0.05 vs group IBS-D;
ANOVA], EFS: Electrical field stimulation; IBS-D: Irritable bowel syndrome; PA: Patchouli alcohol.
−9

0.05). To observe the effect of PA on the isolated colonic
segment contraction induced by high extracellular KCl
level, we tested the peak contractile responses of the
tissues that were pretreated with PA (100 μmol/L, 1
min) before KCl administration (120 mmol/L) at the end
of each experiment. KCl- and PA + KCl-treated control
groups showed no significant differences (P > 0.05).
However, in comparison with the KCl-treated IBS-D
group, the contractile responses (mg contractions)
of the PA + KCl-treated IBS-D group (11.87 ± 3.34)
showed significant decrease in the peak tension (P <
0.01) (Figure 3).

the tension of CCh-induced (1 × 10 mol/L to 3 ×
−7
10 mol/L) contraction (P < 0.01) than that in the
IBS-D group. Compared with the control group, the
PA-pretreated control colon presented significantly
decreased tension during the CCh-induced contraction (1
−7
−6
× 10 mol/L to 3 × 10 mol/L) (P < 0.01). However, at
higher CCh concentrations, PA (100 μmol/L) treatment
exhibited nonsignificant blocking effect on the colonic
CCh-induced contractions, compared with the control
group (P > 0.05). Similarly, compared with the control
group, the pretreatment of IBS-D colon in 100 μmol/L
of PA significantly decreased the tension of the CCh−9
−8
induced contraction (1 × 10 mol/L to 3 × 10 mol/L)
(P < 0.05); it also showed no significant difference at
−7
higher CCh concentrations of 1 × 10 mol/L to 1 ×
−5
10 mol/L (P > 0.05) (Figure 4).

Inhibitory effects of PA on cholinergic contractile
responses of the isolated IBS-D rat colonic longitudinal
Smooth muscle

Cholinergic neurotransmission produced an inverse
alteration in the colon and jejunum of IBS-D rats.
The contractile force of the colon smooth muscle was
significantly higher in the IBS-D group than in the
control group (P < 0.05). EC50 in the IBS-D group (EC50
= 0.94 μmol/L) that was obtained in the presence of
CCh was lower than that in the control group (EC50 =
2.1 μmol/L). Compared with the control group, the
contractile force of the jejunal smooth muscle was
significantly lower in the IBS-D group (P < 0.05). EC50
in the IBS-D group (EC50 = 1.82 μmol/L) that was
obtained in the presence of CCh was higher than that
in the control group (EC50 = 0.78 μmol/L). The CChinduced contraction in the colon was abolished by the
pretreatment with a single concentration of PA (100
μmol/L). The IBS-D colon pretreated at a single PA
concentration of 100 μmol/L significantly decreased

WJG|www.wjgnet.com

Inhibitory effects of PA on the EFS-induced nitrergic
contractile responses of the isolated colonic
longitudinal smooth muscle in IBS-D rats

Compared with the control group, the EFS-induced
contraction significantly increased in the colonic
longitudinal smooth muscle in the IBS-D group at 2
Hz to 30 Hz (P < 0.05). Compared with IBS-D group,
the EFS-induced contraction in the L-NAME-treated
(10 μmol/L) control group presented no significant
difference (P > 0.05). This result indicated higher
tone in the l-NAME-induced contraction of IBS-D
rat colon than in the untreated colon. Moreover, the
l-NAME-mediated effect on EFS was abolished by the
pretreatment with PA in both the control and IBS-D
colon specimens. The EFS-induced contractions were
significantly decreased by the coapplication of PA
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(100 μmol/L) and l-NAME in the IBS-D colon at 5 Hz
to 30 Hz, compared with that in the l-NAME-treated
IBS-D group (P < 0.05). Similarly, the EFS-induced
contractions were significantly decreased by the coapplication of PA (100 μmol/L) and L-NAME in the
control colon at 5 Hz to 30 Hz, compared with that in
the l-NAME-treated control group (P < 0.05) (Figure 5).

responses.
ENS coordinates the movement patterns in the
[20]
gastrointestinal tract . The receptors on the neurons
and neuroglia in ENS mediate the essential gastro
[21,22]
intestinal functions
, including gastrointestinal
muscle control. Our study clearly demonstrated that
−7
−4
PA (3 × 10 mol/L to 1 × 10 mol/L) causes con
centration-dependent relaxation of the spontaneous
contraction of the colonic longitudinal smooth muscles
in vitro at EC50 of 41.9 µmol/L. This study is the first
to directly demonstrate the inhibition of PA in rat
colon motility. However, the mechanism of this acute
response to PA remains unknown. Thus, we further
investigated whether this acute response to PA was due
to the alteration of the neurotransmissions in ENS using
the neuropharmacological and electrophysiological
technologies to contract the isolated longitudinal smooth
muscles of rat colons. We also determined whether
this property of PA could be applied to regulate the
neurotransmission disorders in IBS-D rats.
The voltage-gated potassium channel (VGKC)
function is determined by the membrane potential.
The increased extracellular potassium levels result in
the depolarization of the intestinal smooth muscle cells
through decreasing the resting membrane potential,
followed by muscle contractions at the suprathreshold
stimulus. VGKCs are primarily regulated by extracellular
[23]
drugs and neurotransmitters . Previous studies have
shown that the release of neurotransmitters, such as
nitric oxide (NO) or acetylcholine, may be induced by
[24]
KCl at concentrations higher than 60 mmol/L . High
sensitivity to KCl-induced contractions was noted in our
IBS-D rat colons, which is consistent with a previous
[25]
study . In the present study, the contractile responses
induced by high extracellular KCl levels (120 mmol/L)
were abolished by PA in the IBS-D rat colon segments.
This result suggests that PA may have functions similar
to potassium channel blockers. Although further study
is required to confirm this assumption, the involvement
of the PA-mediated hyperpolarization on the colonic
relaxation of IBS-D rat colons has been shown.
Under normal conditions, the enteric smooth muscle,
which is innervated by the autonomic nervous system,
[26]
contracts and relaxes rhythmically . Previous studies
confirmed that the colon motility dysfunction and
[27]
abnormal neurotransmission changes
are important
mechanisms underlying the IBS-D development.
Neuropathic changes in ENS most possibly generated
[28]
the symptomatic bowel diseases, including IBS-D .
In ENS, the cholinergic excitatory motor neurons exert
excitatory effects on the gastrointestinal tract. PA
inhibited the CCh-induced contractions; thus, PA may
regulate acetylcholine transmission by antagonizing
the muscarinic receptor or nicotinic acetylcholine
receptor. Cholinergic nerves were excited in colons of
stress-induced IBS-D rats, which is consistent with
[29]
the published data . Pretreatment with a single PA
concentration strongly inhibited the CCh-induced (1 ×

Effects of PA on the P2Y1 receptor antagonist during the
EFS-induced contraction and ATP level of the isolated
colonic longitudinal smooth muscle from IBS-D rats

EFS-induced contractions of the colonic longitudinal
smooth muscle were significantly decreased by the
P2-purinoceptor agonist α,β-MeATP (100 µmol/L) in
the IBS-D colon at 2 Hz to 30 Hz compared with that
in the untreated IBS-D group (P < 0.01). Meanwhile,
no significant difference was observed in the EFSinduced contractions between the PA-treated (100
µmol/L) IBS-D and α,β-MeATP-treated IBS-D groups
(P > 0.05). The EFS-induced contractions were
significantly decreased by the coapplication of PA
(100 µmol/L) and P2Y1 receptor antagonist MRS 2500
in the IBS-D colon at 20 and 30 Hz compared with
that in the IBS-D group treated with MRS 2500 only
(1 µmol/L) (P < 0.05). The EFS-induced contraction
was significantly decreased by MRS 2500 relative to
that in IBS-D group (1 µmol/L) (P < 0.01). The ATP
assay yielded the following results. No significant
difference was detected in the ATP levels between
the IBS-D and control groups (P > 0.05). However,
α,β-MeATP significantly increased the ATP level of the
IBS-D rat colon compared with those of the control
(P < 0.05) and IBS-D groups (P < 0.05). MRS 2500
significantly increased the ATP level of the control rat
colon compared with that in the control (P < 0.05) and
IBS-D groups (P < 0.05). The ATP level did not show
significant difference between the MRS 2500-treated
and untreated IBS-D groups (P > 0.05) (Figure 6).

DISCUSSION
Due to the lack of standard treatment algorithm for
IBS-D and the limited drugs used to alleviate the
symptoms instead of the treatment of disease, alter
native therapeutic medications for patients with IBS-D
are urgently needed. Pogostemonis Herba is a vital
aromatic damp-resolving agent that is often prescribed
[16,17]
to treat vomiting and diarrhea. Previous studies
have demonstrated the antidiarrheal effects of
Pogostemonis Herba. PA is a major active ingredient of
this herbal medicine, which exhibits notable bioactivities
and involves wide applications. The present study
aimed to investigate the neurogenic response of PA on
an isolated stress-induced IBS-D rat model to identity
the potential mechanisms of PA in IBS-D treatment.
Given that IBS-D is closely related to motility disorders
[18,19]
of the colon rather than that of the small intestine
,
The present study focused on the colonic contractile
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10 mol/L to 3 × 10 mol/L) contractions in the IBS-D
rat colon in vitro. Our study is the first to demonstrate
that PA exerts an inhibitory effect on the cholinergic
nerves of the IBS-D rat colons. However, whether this
inhibitory effect against the acetylcholine operates
on the muscarinic receptors, nicotinic acetylcholine
receptors, or both, needs further research. In contrast,
the isolated jejunum from IBS-D rats exhibited
inhibitory effect on the cholinergic nerves. The wraprestraint stress results in decreased small intestinal
transit, whereas it resulted in increased large intestinal
[30]
transit in rats . Thus, these acetylcholine disorders
may result from the wrap-restraint stress. However,
further results are needed to confirm this finding.
IBS-D treatment may also contribute to the cholinergic
receptor-blocking effect of PA on the isolated colon but
not the jejunum.
NO is a vital non-adrenergic, non-cholinergic
inhibitory transmitter in the gastrointestinal tract.
NO is involved in both the colonic relaxation and
[31]
contractions ; however, it typically participates in
the nitrergic relaxation. Subsequently, mechanisms of
the nitrergic nerves in the gut remain unclear, and the
modulation of the nitrergic and cholinergic transmission
[32,33]
in the nerve-muscle pathway
requires further study.
NO synthases utilize l-arginine and molecular oxygen
to generate NO and l-citrulline. NO synthase inhibitor
l-NAME significantly increases the basal tone and
enhances the phasic contractions in the rat proximal
[34]
colon . Our results showed that the increased tone
in the IBS-D rat colonic longitudinal smooth muscle in
response to l-NAME during the EFS-induced contraction
could be inhibited by PA. This observation suggests
the lack of NO in the stress-induced IBS-D rat colon.
In EFS, we observed that PA contributed to inhibit
the contractions induced by the NO synthase inhibitor
l-NAME (10 µmol/L) in the isolated rat colon tissues.
This result indicates that PA may increase the synthesis
of NO in rat colon. In the present study, we found that
PA exerts a relaxation effect on the nitrergic nerves of
the colonic longitudinal smooth muscle of IBS-D rats in
vitro. In addition, PA may be a NO donor.
ATP is a purine inhibitory neurotransmitter that
mediates the non-adrenergic, non-cholinergic relaxation
[35,36]
in the gastrointestinal smooth muscles
. Studies
showed that in wrap-restraint stress rat model, ATP
[37]
participates in the intestinal motility . However, the
effect and mechanism of ATP in the IBS-D rat colon still
need clarification. On the other hand, α,β-MeATP is a
P2-purinoreceptor agonist. Our results demonstrated
that excess contraction of the IBS-D rat colon can
be inhibited by α,β-MeATP. Under EFS conditions, PA
produced an inhibitory effect on the coadministration
of MRS 2500 (1 µmol/L) in the IBS-D rat colon. PA
affected the muscle tone and caused ATP-induced
relaxation, indicating that PA may be involved in the
activating effect of ATP on the IBS-D rat colon. However,
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this observation requires further investigation. P2Y1
receptor is involved in ENS control and coordination
[38]
of intestinal motility . P2Y1 receptor functions as a
receptor for extracellular ATP, which can be activated
by the endogenous ligands of ATP and ADP. Recent
studies suggested that highly potent and selective
P2Y1 receptor antagonist MRS 2500 inhibited the ATPinduced relaxation. However, when we further tested
the effect of MRS 2500 on the rat longitudinal smooth
muscle, 1 µmol/L of MRS 2500 produced a significant
relaxation effect in the control rats in vitro but not in the
[39]
stress-induced IBS-D rats. A previous work
reported
an unexplained inhibitory effect of MRS 2500 (1 µmol/L)
on spontaneous motility in vitro. Thus, ATP may play
a complementary role in regulating colonic motility
of IBS-D rats. In our continuing study, ATP assay
results agreed with the conclusions mentioned above.
Subsequently, we cannot explain the MRS 2500-induced
relaxation of the nerve-mediated contraction elicited by
EFS in vitro. Thus, additional in vivo and in vitro studies
are necessary to clarify this phenomenon.
Electrophysiological methods were used for our
neuropharmacological study. This method shows
the effects of PA on the structural and physiological
components of the biopsychosocial model of IBS-D; the
latter may enable the development for clinical research
and application. However, the following limitations must
be considered. First, we cannot identify the pathway
dominating the IBS-D colon response to PA treatment.
These inhibitory effects by PA may be related to the
changes in one upstream switch. Nevertheless, our
results strongly confirmed the inhibitory effects of PA on
the spontaneous, CCh-induced, and EFS-induced colonic
contractions. Second, animal models and mechanisms
of different IBS-D models vary. The wrap-restraint
stress model mimics but cannot fully represent the
physiological and pathological conditions of patients with
IBS-D. Thus, whether the PA treatment is appropriate
for other IBS-D models or patients requires further
study. Third, the role of ATP in the wrap-restraint stress
IBS-D model or the involvement of ATP in mechanism
of PA treatment of IBS-D rats is unclear. Fourth, the
nature of our study limits our conclusion because a
direct correlation between colonic contractions and
electrical signaling cannot be completely confirmed.
However, the present study provides evidence regarding
the involvement of PA in neuromediated relaxation of
the longitudinal smooth muscle in rat colon.
In conclusion, PA exerts inhibitory effects on the
IBS-D rat colon, which supports our hypothesis. In
addition, related responses possibly involve cholinergic,
+
nitrergic, and K channel pathways. ATP may not be
the dominant pathway for participation of PA in the
colonic relaxation of the stress-induced IBS-D rats.
PA is a potential new candidate to effectively treat
IBS-D. The findings in this study may help extend
the pharmacological applications of PA. PA may be
responsible for the antidiarrheal effect of Pogostemonis
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nitrergic, and K+ channel pathways. ATP may not be the dominant pathway for
participation of PA in the colonic relaxation of the stress-induced IBS-D rats.
PA is a potential new candidate to effectively treat IBS-D. The findings in this
study may help extend the pharmacological applications of PA. PA may be
responsible for the antidiarrheal effect of Pogostemonis Herba. Additional in
vivo and in vitro investigations on the effect of PA are needed, and potential
pharmacological target protein for PA in treatment of IBS-D rat colon needs to
be studied.

Herba. Additional in vivo and in vitro investigations
on the effect of PA are needed, and potential phar
macological target protein for PA in treatment of IBS-D
rat colon needs to be studied.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Research perspectives

Irritable bowel syndrome (IBS) is a prevalent functional bowel disorder that
inflicts a significant socioeconomic burden and decreases the patient quality
of life. In China, the percentage of patients with diarrhea-predominant IBS
(IBS-D) is 74.1%. Therefore, the neuropsychological factors have gained much
attention in the clinical and basic studies on IBS-D. However, a standard
treatment algorithm has not been established for this condition. Pogostemonis
Herba is used in Asian countries to treat functional gastrointestinal disorders;
patchouli alcohol is the major active ingredient of Pogostemonis Herba.
Previous studies have indicated that patchouli alcohol (PA) may participate
in the neurotransmission regulation of the smooth muscles in the digestive
system. However, no research on the pharmacological effects of PA in the
neurotransmission regulation has been published.

Our results strongly confirmed the inhibitory effects of PA on the spontaneous,
CCh-induced, and EFS-induced colonic in vitro contractions. PA acts as a
neurotransmitter agent in ENS, and is thus considered to be a new treatment
option for IBS-D. However, more questions will be addressed in the future
studies. For instance, the pathways dominating the IBS-D colon in response
to PA treatment; and the structural and functional changes in the potential
target proteins under the effect of PA. The relaxation effects of PA may be
related to changes in one upstream switch. Our further studies will focus
on the effect of PA on the potential target proteins in IBS-D rats both in vivo
and in vitro. Patch-clamp methods will be used to measure the K + current,
and immunofluorescence will be used to investigate the expression and
colocalization of the target proteins. Furthermore, Western blot and qPCR will
be performed to evaluate the expression of the target proteins.

Research motivation

This study aimed to investigate the effects of PA on the isolated IBS-D rat colon
and its related mechanisms. The findings in this work can help extend the
pharmacological applications of PA.
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Research objectives

The main objective of this study was to test our hypothesis that the mechanism
of PA in treatment of IBS-D is related to the drug regulation of the neural
pathways in the enteric nervous system via its influence on the neurotransmitter
release with focus on PA research. Additional in vivo and in vitro investigations
on the effect of PA and the identification of the potential pharmacological target
protein in PA to treat IBS-D rat colon are needed.
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Abstract
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AIM
To investigate the modulatory effect of recombinantexpressed vasoactive intestinal peptide (VIP) analogue
(rVIPa) on trinitrobenzene sulfonic acid (TNBS)-induced
colitis in rats.
METHODS
Forty-eight rats were randomized into six groups:
normal control group (Control), model control group
(TNBS), ethanol treatment group (ETOH), and VIP
treatment groups with different dosage (rVIPa 1nmol,
rVIPa2nmol, rVIPa4nmol). Diarrhea and bloody stool were
observed. Colonic damage was evaluated histologically.
The levels of tumor necrosis factor- α (TNF- α ),
interleukin-10 (IL-10), myeloperoxidase (MPO) and en
dotoxin in colonic tissue and serum were determined
by enzyme-linked immunosorbent assay (ELISA). The
expression of occludin, ZO-1, Toll-like receptor 4 (TLR4),
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and nuclear factor-kappa B p65 (NF-κB p65), IκBα, and
p-IκBα were detected by Western blot.

matory bowel disease (IBD), is a group of chronic
[1]
and relapsing intestinal inflammatory disorders . A
proportion of patients with CD given the currently
[2]
available medical therapies remains incurable . CD
causes transmural inflammation of the gastrointestinal
wall. Furthermore, prolonged inflammation of the
intestinal tract affects the patients’ quality of life and
[3]
increases the risk of colorectal cancer development .
Rapid increase of multidrug-resistant pathogenic
microorganisms makes it urgent to research and
develop promising and alternative anti-inflammatory
molecules. Endogenous bioactive peptides with re
markably structural and functional diversity represent
[3,4]
an emerging and potential anti-inflammatory agents .
Vasoactive intestinal peptide (VIP) is considered a
paradigm as an endogenous neuroendocrine-immune
mediator with therapeutic potential for a variety of
[5-7]
inflammatory disorders such as IBD . Previous studies
indicated that VIP exerts a lines of important modulatory
[8-10]
effects in intestinal pathophysiology, including CD
.
VIP can inhibit the neurodegeneration induced by the
loss of neurons, which may be mediated by glial cells
through the production of neurotrophic factors and the
[11]
inhibition of proinflammatory mediators . VIP is also
[12,13]
recognized to belong to host defense peptides
.
Furthermore, VIP is a small and linear peptide. VIP as an
endogenous hormone, can exhibit efficient adjustment
effect for a low dose. These advantages suggest that
VIP possesses a promising potential for developing as a
novel and safe anti-inflammatory agent.
However, due to several shortcomings such as
instability, low efficient and expensive production
[14,15]
methods
, VIP has not obtained widely application
at present. Therefore, in order to promote the de
velopment and application of VIP, choosing the VIP
analogue with high stability and anti-inflammatory
activity and establishing an effective, low-cost production
strategy are very urgent. Previous research indicate that
molecular modification of VIP enhances its antimicrobial
[16]
activity and stability compared with the nature VIP .
For the effective and low-cost production method,
recently, different recombinant expression strategies
have been conducted to produce unique antimicrobial
peptides such as fusion partner-mediated Escherichia
[17-19]
coli expression system
.
In our previous study, we obtained a kind of VIP
analogue with an enhanced antimicrobial potency,
no-hemolysis, and high stability through the rational
design and scanning, and established an effective and
low-cost genetic engineering production technology.
However, it remains to be elucidated whether molecular
modification and recombinant expression affect its
natural anti-inflammatory activities or not. Therefore,
the current study was conducted to investigate its antiinflammatory activity, and the possible mechanism of
VIP analogue produced by recombinant expression
after rational design. The study contributes to better
understanding of colitis and leads to advancement in
novel treatment design.

RESULTS
Administration with 2 nmol rVIPa prevented TNBSinduced necrosis, hyperemia, swelling, inflammation,
etc. , pathologic changes observed in the inner
surface of colon in experimental rats. Moreover, rVIPa
significantly decreased colonic TNF-α level (P < 0.001),
MPO activity (P < 0.001) and serum endotoxin level
(P < 0.01), and remarkably increased colonic IL-10
content (P < 0.001) in rats with TNBS-induced colitis.
Furthermore, compared to the TNBS-induced colitis
group, 2 nmol rVIPa treatment up-regulated the levels
of occludin (P < 0.05) and ZO-1 (P < 0.05), NF-κB p65
(P < 0.01) and IκBα (P < 0.001), and down-regulated
the levels of TLR4.
CONCLUSION
rVIPa ameliorates TNBS-induced colonic injury and
inflammation and effectively protected the intestinal
mucosal barrier function in rats. The mechanism may
be related to TLR4/NF-κB-mediated signaling pathway.
rVIPa could be used as a new alternative therapy for
intestinal inflammatory disorders.
Key words: Vasoactive intestinal peptide; Intestinal
mucosal barrier; Tight junction; Toll-like receptors;
Recombinant expression
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Vasoactive intestinal peptide (VIP) is a
neuropeptide with potent anti-inflammatory activities.
Recombinant VIP analogue (rVIPa with amino acid
sequence “HSKAVFTKNYTRLRKQMAVKKYLNSILN”)
with higher antimicrobial activity and stability than
natural peptide was produced by an effective and
low-cost production method. The current study first
indicated that rVIPa could alleviated TNBS-induced
colitis via TLR4/NF-κ B-mediated signaling pathway.
In summary, these results suggest a protective role
and anti-inflammatory effect of rVIPa in inflammatory
bowel disease and indicate that rVIPa has therapeutic
potential for intestinal inflammatory disorders. The
study contributes to identify and produce novel antiinflammatory agents from human innate host defense
mechanisms in the process of biological evolution.
Xu CL, Guo Y, Qiao L, Ma L, Cheng YY. Recombinant expressed
vasoactive intestinal peptide analogue ameliorates TNBS-induced
colitis in rats. World J Gastroenterol 2018; 24(6): 706-715
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i6/706.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i6.706

INTRODUCTION
Crohn’s disease (CD) belonging to a type of inflam
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were given the same volume of normal saline. Rats
from the rVIPa treatment groups were given 500 μl
rVIPa with concentration of 1 nmol, 2 nmol, or 4 nmol
intraperitoneally (i.p.) every other day after TNBS
induction of colitis until the end. Non-rVIPa-treated rats
were administered the same volume of PBS. The period
of animal experiment lasted 9 d. The animals’ weight,
diarrhea, and rectal bleeding were observed and
recorded daily.

MATERIALS AND METHODS
rVIPa and other reagents

rVIPa with amino acid sequence “HSKAVFTK
NYTRLRKQMAVKKYLNSILN” was prepared in our
laboratory based on the recombinant expression and
molecular modification of natural VIP. Moreover, its
quality and purity were identified by high-performance
liquid chromatography (HPLC) and electrospray
ionization mass spectrometry (ESI-MS). The 2, 4,
6-trinitrobenzene sulfonic acid (TNBS) was purchased
from Sigma Chemical Co. (St.Louis, MO, United
States). ELISA kits for tumor necrosis factor-α (TNF-α),
interleukin-10 (IL-10), and myeloperoxidase (MPO)
were purchased from R&D Systems (Minneapolis,
MN, United States). Primary antibodies against ZO-1,
occludin, TLR4, p-IκBα, IκBα, NF-κB p65 and β-actin,
and peroxidase-conjugated secondary antibodies were
obtained from Santa Cruz Biotechnology, Inc. (Santa
Cruz, CA, United States). Total superoxide dismutase
(T-SOD) activity assay kit was purchased from Nanjing
Jiancheng Bioengineering Institute (Jiangsu, China).
Bicinchoninic acid (BCA) protein assay kit was from
Solarbio Life Sciences Co. (Beijing, China).

Histological assessment of colon pathomorphology
damage

The rats were anesthetized with ether and the abdomen
was opened. The entire colon was immediately
removed and the total length was measured. Then
the colon was split longitudinally, and gently washed
with normal saline. Histologicals assessment of colonic
damage was according to the following scoring criteria:
0, no ulcer and no inflammation; 1, no ulcer and local
hyperemia; 2, ulcer and no inflammation; 3, ulceration
and inflammation at only one site; 4, ulceration and
inflammation at two or more sites; 5, area of ulceration
extending more than 0.5 cm.

Measurement of MPO and T-SOD activity in serum and
colon tissue

Experimental Animals

This experiment was approved by the Institutional
Animal Care and Use Committee of the Northwestern
Polytechnical University (permit Number: 2016014)
and was conducted in accordance with the National
Institutes of Health Guidelines for the Care and Use of
Experimental Animals. Forty-eight adult male SpragueDawley (SD) rats (200 ± 20 g) were purchased from
the Experimental Animal Center of Xi’an Jiaotong
University. During the whole experimental period, rats
were maintained in the Animal Experimental Center
of Northwestern Polytechnical University at room
temperature of 25 ℃, relative humidity of 50% and a
12 h light and dark cycle.

After the experimental rats were anesthetized with
isoflurane, blood samples were collected by cardiac
puncture and used for preparing serum according
to general method. Then, 20 mg colon tissue was
homogenized in 200 μl ice-cold RIPA lysate with 2
μl PMSF with a tissue homogenizer. The supernatant
of homogenates was collected by centrifuging with
10000 g at 4 ℃ for 5 min. All samples of serum and
supernatant of colon homogenates were stored at
-80 ℃ until further analysis. MPO and SOD activities
were determined by corresponding assay kits. The
absorbance was measured by using a microplate
reader (Synergy2, BioTek Instruments, Inc., Winooski,
VT, United States) at 450 nm.

Induction of experimental colitis and administration of
rVIPa

Determination of Cytokine level and endotoxin in serum
and colon tissue

In the experiment, healthy male SD rats were assigned
randomly to six groups: Normal control group saline
and phosphate buffer solution (PBS), model group
TNBS and PBS, positive control group (50% ETOH and
PBS), and rVIPa groups (TNBS and rVIPa of 1 nmol,
2 nmol, and 4 nmol), with eight rats in each group.
Colon colitis was induced rectally by TNBS, as in the
[20]
following description . First, TNBS was dissolved in
50% ethanol while all experimental rats fasted for 24
h. Then, SD rats from the TNBS-induced model groups
were anesthetized and administered with 20 mg (in
250 μl of 50% ethanol) of TNBS via a 15-cm (diameter
2.0 mm) length of rubber infusion tube advanced 8
cm in the anus. The rats were seized by the tail for
duration of 30s to ensure uniform contact with colonic
mucosa. Following the same protocol, positive control
animals were given 250 μl 50% ethanol. Controls
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TNF-α, IL-10, and endotoxin level in serum and colon
tissue were measured by specific rat ELISA assay
kits according to the manufacturer’s instructions,
respectively.

Expression of occludin, TLRs and NF-κB analyzed by
Western blot

Supernatant of colon was prepared according to
the following method. Protein concentration in the
supernatant was measured by BCA kit. Approximately
40 μg protein from each sample was loaded to the
10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and transferred to
polyvinylidene difluoride (PVDF) membrane. After being
blocked for 2 h in Tris-buffered saline/Tween 20 (TBST,
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A

Randomly divided into six groups
Monitor rats until day 10
Collect samples

Fasting for 24 h
TNBS-induced model rats were administered
with 250 μL TNBS solution via a rubber infusion
tube advance 8 cm in the anus

Rats from the rVIPa treatment groups were
given 500 μL rVIPa with concentration of 1
nmol, 2 nmol or 4 nmol i.p. every other day for
4 times
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Figure 1 Administration of rVIPa inhibited the pathogenic effects and body weight loss caused by TNBS. A: The experimental scheme of induction of colitis
and administration of rVIPa; B: Body weight of rats between days 1-10. rVIPa: Recombinant expressed vasoactive intestinal peptide analogue; TNBS: Trinitrobenzene
sulfonic.

2 mmol/L Tris-HCl, pH 7.6, 13.7 mmol/L NaCl, and 0.1%
Tween 20) containing 5% skimmed milk, membrane
were incubated with primary antibodies TLR4 (1:500),
ZO-1 (1:1000), occludin (1:1000), p-IκBα (1:1000),
NF-κB p65 (1:1000), IκBα (1:1000), and β-actin (1:500)
at 4 ℃ overnight. Subsequently, the membrane was
incubated with the secondary antibody. The immu
noreactive protein bands were visualized using a Clarity
Western ECL substrate kit (BioRad, CA, United States)
with HRP-conjugated secondary antibody for film-based
imaging. Denditometry analysis of protein bands from
scanned-ray films were performed using Scion Image
software (Scion Corp., Frederick, MD, United States).
The values were normalized against the intensity of
β-actin.

administration of rVIPa is shown in Figure 1A. During
the whole period, the activity, diet, stool traits, and body
weight of each group of rats were observed. TNBStreated-alone colitis rats exhibited bradykinesia, reduced
food intake, profound and sustained body weight loss,
and diarrhea. Moreover, compared to the normal control
and vehicle-treated rats, the feces from TNBS-treatcolitis rats contained blood and mucus. Conversely,
moderate concentration of rVIPa (2 nmol) significantly
ameliorated the TNBS-induced physiopathological
effects and improved the TNBS-induced body weight
loss in contrast with the untreated group or other
concentrations of rVIPa-treated groups (as shown in
Figure 1B).

Statistical analysis

As shown in Figure 2A, histological examination de
monstrated a regular morphology on normal rats.
Compared to the normal control or ethanol-treated
controls, the macroscopic assessment of colon tissue
exhibited superficial bleeding and erosion, necrosis,
hyperemia, and inflammation in the mucosa. Treatment
with 2 nmol or 4 nmol rVIPa effectively relieved the
pathological symptoms and prevented the hyperemia
and inflammation in the experimental rats’colon (Figure
2B). Moreover, 2 nmol rVIPa inhibited TNBS-induced
decrease of colon length (Figure 2C).

Histological assessments

Data were analyzed by one-way analysis of variance
(ANOVA) and by using Student’s t test (SPSS 19.0,
Chicago, IL, United States). All data are shown as mean
± standard error of mean (SEM), and differences were
considered to be significant at P < 0.05.

RESULTS
Body weight and other symptoms of experimental rats

The experimental scheme of induction of colitis and
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Figure 2 Histological observation and evaluation of colon tissue. A: Visual inspection of TNBS-induced colitis of colon tissue in rats and effect of rVIPa with
different concentrations; B: Histologic score; C: Colon length. Data represent mean ± SEM (n = 8). aP < 0.05, eP < 0.001 vs control rats; cP < 0.05, dP < 0.01, fP < 0.001
vs TNBS-induced model rats.
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Figure 3 Myeloperoxidase and total superoxide dismutase activities in serum and colon tissue. Data represent mean ± SEM (n = 8). bP < 0.01, eP < 0.001
vs control rats; dP < 0.01, fP < 0.001 vs TNBS-induced model rats. MPO: Myeloperoxidase; T-SOD: Total superoxide dismutase; rVIPa: Recombinant expressed
vasoactive intestinal peptide analogue; TNBS: Trinitrobenzene sulfonic.
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Figure 4 TNF-α, IL-10, and endotoxin level in serum and colon tissue. Data represent mean ± SEM (n = 8). bP < 0.01, eP < 0.001 vs Control rats; cP < 0.05, dP <
0.01, and fP < 0.001 vs TNBS-induced model rats. TNF-α: Tumor necrosis factor; IL-10: Interleukin-10; rVIPa: Recombinant expressed vasoactive intestinal peptide
analogue; TNBS: Trinitrobenzene sulfonic.

MPO and T-SOD activity in serum and colon tissue

TNF-α, IL-10, and endotoxin level in serum and colon
tissue

As shown in Figure 3, the current results showed
that compared with the normal control and ethanoltreated control rats, colon TNBS treatment significantly
increased the activity of MPO. However, 2 nmol rVIPa
treatment significantly inhibited the TNBS-induced
increase of MPO activity in colon tissue. At the same
time, we examined the T-SOD activity in serum and
colon tissue. The results showed that compared
with the normal control and ethanol-treated rats,
administration with TNBS significantly reduced the
T-SOD activity in serum and colon tissue. In contrast,
2 nmol rVIPa treatment obviously relieved the TNBSinduced increase of the T-SOD activity in serum and
colon tissue.
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As shown in Figure 4, the levels of TNF-α and endotoxin
in the serum and colon of TNBS-treated group were
apparently higher than those in the normal control and
vehicle groups. However, the level of anti-inflammatory
factor IL-10 in the serum and colon of TNBS-treated
model rats was significantly lower than that in the normal
control and vehicle groups. Conversely, compared with
the TNBS-treated group, 2 nmol and 4 nmol rVIPa
treatment reduced the level of TNF-α and endotoxin, and
increased the level of IL-10 in the serum and colon.

The expression levels of tight junction protein

The results of intestinal tight junction (TJ) protein-
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Figure 5 Protein expression level of occludin and ZO-1 in colon. Data represent mean ± SEM (n = 8). bP < 0.01 vs control rats; cP < 0.05 vs TNBS-induced
model rats. rVIPa: Recombinant expressed vasoactive intestinal peptide analogue; TNBS: Trinitrobenzene sulfonic.
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Figure 6 Effects of rVIPa with different concentration on TLR4/NF-κB signaling proteins expression level in colon tissue. Data represent mean ± SEM (n =
8). bP < 0.01 vs control rats; cP < 0.05 vs TNBS-induced model rats. rVIPa: Recombinant expressed vasoactive intestinal peptide analogue; TLR4: Toll-like receptor 4;
NF-κB: Nuclear factor of kappa B; rVIPa: Recombinant expressed vasoactive intestinal peptide analogue; TNBS: Trinitrobenzene sulfonic.

occludin and ZO-1 expression levels determined by
Western blot analysis were shown in Figure 5 and
demonstrated that compared with the normal control
rats, occludin and ZO-1 expression were decreased
in the TNBS-treated rats. Conversely, 2 nnol rVIPa
inhibited the above effect. However, relatively low and
high concentrations of rVIPa did not exhibit protective
effects on the intestinal barrier function damage.

higher than those in the model group, which suggested
that rVIPs may exhibit anti-inflammatory efficiency via
TLRs/ NF-κB signaling pathway.

DISCUSSION
IBD mainly includes CD and ulcerative colitis (UC),
which affect quality of life for patients, and even
give rise to the risk of enteric cancers. The lack of
effective prevention and therapeutic measures are
largely due to the pathogenesis of IBD, which is poorly
understood. VIP is a neuroimmunopeptide concerned
with homeostasis and health. Considerable lines of
data suggested that VIP may be a potential candidate
which can be developed to treat inflammatory diseases
[5-7]
including CD . Moreover, the VIP-receptor plays a key
[5]
role in the modulatory effect of VIP on IBD .
As a neuroendocrine mediator, VIP possesses a
wide range of biological functions. However, some
disadvantages limit its practical application. Therefore,
in our previous research, we designed a VIP analogue,

Expression of TLRs/NF-κB signaling pathway

As shown in Figure 6, compared with the control
rats, the protein level of TLR4 in TNBS-induced colitis
was increased. However, 2 nmol rVIPa treatment
significantly down-regulated the level of TLR4 during
the TNBS-induced colitis. NF-κB is an important
regulator of inflammation-related gene expression.
Moreover, compared with the normal control, TNBS
treatment significantly down-regulated NF-κB p65 and
IκBα expression levels, and up-regulated the expression
level of p-IκBα in colon tissue. NF-κB p65 and IκBα
expression levels in the rVIPa treatment groups were
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3

3

8

8

via amino residue substitution (Asp →Lys , Asp →Lys ),
with safety, favorable stability and improved antimicrobial
activities, and established a green, efficient and lowcost production technology via E. coli-recombinant
[21]
expression system . However, it remains to be
elucidated whether the molecular modification and
recombinant generation affect its anti-inflammatory
activity or not. TNBS-induced colitis shows the similar
[22,23]
pathological features to the human CD
. Therefore,
an experimental acute CD model usually established
by intrarectal administration of TNBS in mice or rats. In
the current study, we investigated the role of rVIPa in
TNBS-induced colitis. The results indicated that 2 nmol
rVIPa effectively relieved body weight loss, pathological
symptoms and prevented hyperemia and inflammation
in the colon tissue in the experimental rat model of
colitis. This study first verified the the beneficial effect
of rVIPa on colitis via in vivo experiment. Notably,
high concentration of rVIPa exhibited reduced antiinflammatory effects. Therefore, as for rVIPa derived
from an endogenous neurotransmitter belonging to the
hormone family, dose is very crucial. In the treatment
of IBD, the benefical effect of rVIPa on the damaged
colon may be associated with its anti-inflammatory,
antibacterial and immune-modulatory activities. In
the TNBS-induced colitis rats, increase of TNF-α and
endotoxin level and MPO activity, and decrease of
IL-10 level and T-SOD activity were observed in the
serum and colon tissue. Conversely, treatment with
proper dose of rVIPa significantly suppressed the
UC development and inflammatory response. VIP
restores immune tolerance by down-regulation of the
inflammatory response and by induction of regulatory T
[15]
cells . VIP protects against bacterial pathogen EPECinduced epithelial barrier disruption and colitis, which
may be associated with the inhibition of PKCε activation
[24]
by VIP . Previous research indicate that exogenous
VIP alleviates symptoms of histopathology of TNBSinduced colitis, which may be related to the decrease
of the inflammatory and T helper cell type 1 (Th1)[25]
driven autoimmune components . Impaired goblet cell
development and obviously intestinal barrier dysfunction
[26]
were observed in VIP knockout (KO) (VIP KO) mice .
Moreover, VIPKO enhanced the susceptibility of mice to
DNBS and DSS-induced colitis. However, VIP-treated
VIPKO mice restores the phenotype and effectively
[7]
protects against DSS-colitis . However, other research
suggests that deficient in VIP reduces the pathology
[27]
caused by TNBS-induced colitis in mice . The role of
VIP in colitis need further investigate.
Intestinal epithelial cells, as the important com
ponent of intestinal physical barrier, play an key role
in resisting harmful substances such as pathogenic
microorganism and toxin, etc., and maintaining the
[28,29]
intestinal homeostasis
. The intestinal epithelium
barrier can be easily disrupted during gut inflammation
such as UC or CD. Recent evidence suggests that it is the
crucial pathological feature of IBD that colonic epithelial
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barrier dysfunction heightens bacterial translocation,
and followed by stimulating inflammatory response in
[30,31]
the colonic mucosa
. Moreover, impaired intestinal
epithelium permeability contributes to ongoing bowel
[32]
symptoms in patients with IBD and mucosal healing .
In the current study, we found that treatment with
rVIPa increased the expression of occludin. Future
studies may further reveal the key roles of the intestinal
barrier function in the pathophysiology of IBD, which will
contribute to explore alternative and targeted therapy
[33]
methods .
Inflammatory molecules s have been considered as
elementary inducing factors involved in the disruption
of the intestinal TJs, and gut permeability and bacterial
[34]
translocation . TNF-α is recognized as one of the
important proinflammatory cytokines. Treatment with
rVIPa reduced the production of systemic and mucosal
inflammatory factors and rescued the T colon injuries
caused by TNBS and improved the expression of TJsi.
TNF-α triggers the increase of intestinal epithelial
permeability by disrupting TJs which is related to the
[35]
MLCK up-regulation . Moreover, NF-κB is involved in
positively regulating MLCK as the positive upstream
[35]
regulator . Activation of NF-κB plays an important
[36]
role in the intestinal inflammation , which is usually
recognized as a central “switch” in the key initial steps
of inflammation response. The present study also
confirmed the idea. Compared with that of normal rats,
up-regulation of NF-κB p65 and p-IκBα, and downregulation of IκBα in inflammatory colonic tissue.
Administration of rVIPa decreased the expression of NFκB p65 and inhibited the degradation of IκBα.
VIP regulates the immune response via TLRs sig
naling pathway. VIP modulating TLR has been tested
in the mucosal immune system using TNBS-induced
[37]
colitis . VIP exerts an important role in regulating the
balance of proinflammatory and anti-inflammatory
factors not only in the colon but also in mesenteric
lymph nodes. TLRs mediates the expression regulation
[38]
of inflammation-related genes in a cascade style .
The current study shows that rVIPa treatment inhibites
TNBS-induced the up-regulation of TLR4, which
suggests that rVIPa could regulate the inflammatory
response by modulating TLR expression. The VIP/
pituitary adenylate cyclase-activating peptide (PACAP)
system is considered a potential candidate applicated to
anti-inflamatory therapy as a neuroendocrine-immune
mediator. Most data validate the therapeutic effect
[39]
through the modulation of TLR2 and 4 . The protective
effect of rVIPa is mediated by the down-regulation
of inflammatory cytokines, which may be involved in
TLRs/ NF-κB /VIP system.
In summary, the study indicated that the VIP
analogue produced by recombinant expression signi
ficantly inhibited the progression of colitis, exhibiting
a protective effect on the colon, which may be related
to the inhibition of proinflammatory cytokines, upregulated TJ expression, and promotion of antiinflammatory cytokines via TLRs/NF-κB signaling
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pathway. By modifying the structure of VIP, its antiinflammatory activity could be further improved. This
study provides a simple, low-cost strategy for identifying
and producing a novel anti-inflammatory agent from
human innate host defense mechanisms in the process
of biological evolution.
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AIM
to quantify the impact of split-dose regimen on en
doscopists’ compliance with guideline recommendations
for timing of repeat colonoscopy in patients with normal
colonoscopy or 1-2 small polyps (< 10 mm).

Institutional review board statement: The Medical School
Institutional Review Board (IRBMED) has reviewed and
approved the study.

METHODS
A retrospective chart review of all endoscopy reports
was undertaken in average-risk individuals > 50 years
old with a normal screening colonoscopy and 1-2 small
polyps. Data were abstracted from two time periods,
pre and post-split-dose bowel preparation institution.
Main outcome measurements were recommendation
for timing of repeat colonoscopy and bowel preparation
2
quality. Bivariate analysis by χ tests and Student’s

Conflict-of-interest statement: Dr. Schoenfeld has worked as a
consultant and advisory board member for Salix Pharmaceuticals,
Inc., which is the manufacturer of MoviPrep. Authors Menees
and Kim have no conflicts of interest.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external

WJG|www.wjgnet.com

716

February 14, 2018|Volume 24|Issue 6|

Menees SB et al. Impact of split-dose bowel regimen on GI follow-up recommendations

t -tests were performed to assess differences between

INTRODUCTION

the two cohorts. Multivariable logistic regression was
used with guideline consistent recommendations as the
dependent variables and an indicator for 2011 cohort
as the primary predictor.

National guidelines state that average-risk 50+-yearold individuals who have normal screening colonoscopy
should get a repeat colonoscopy in 10 years. However,
physician recommendations do not always comply with
[1]
guidelines. Krist et al reviewed whether endoscopists’
recommendations for patients undergoing colonoscopy
for all indications adhered to published guidelines
for follow-up recommendations. In only 64.9% of all
reports, the endoscopist specified when retesting should
occur. Recommendations were consistent with current
[1]
guidelines in 36.7% of cases. However, Krist et al did
not account for patient bowel preparation at the time
of the procedure in determining guideline consistent
recommendation. Based on our previous research,
bowel preparation was the single most important factor
determining compliance by endoscopists for follow-up
[2]
colonoscopies . Patients with fair bowel preparation
were 18.0 times (95%CI: 12.0-28.0) more likely to
have recommendations inconsistent with guidelines
compared to patients with excellent/good preparations.
In addition to association with guideline inconsistent
recommendations, suboptimal colonoscopy preparation
reduces adenoma detection rates (ADRs) and is a risk
[3-5]
factor for incomplete colonoscopy . To reduce the
incidence of suboptimal bowel preparation, research has
focused on the timing of the bowel preparation dosing
in relation to the colonoscopy. The split-dosing regimen,
where patients take a portion of the laxative the evening
prior to colonoscopy and the other half on the day of
colonoscopy, improves the bowel preparation quality.
Studies have consistently shown that split-dose regimen
is superior to administration of preparation on the day
[6]
or night before the colonoscopy . As early as 2009, the
American College of Gastroenterology colorectal cancer
(CRC) screening guidelines recommended institution
[7]
of split-dose bowel preparation . However, adoption
of the split-dose bowel preparation has lagged due to
[8,9]
providers’ concern of patient compliance .
New quality measures assessing physician ad
herence to guidelines have been instituted by the
Centers for Medicare and Medicaid Services (CMS)
through the Physician Quality Reporting System
(PQRS). For the PQRS, participating endoscopists
will report the frequency of recommending repeat
colonoscopy in 10 years after a normal colonoscopy in
an average-risk patient. For participation, endoscopists
will receive a small bonus in Medicare payments. In
2014, failure to report this resulted in a reduction in
Medicare payments. Beside this economic factor, it
is essential to guide CMS on what is an acceptable
compliance rate for this quality measure (the frequency
of recommending repeat colonoscopy in 10 years after
a normal colonoscopy in an average-risk patient) and
continue to assess the impact of bowel preparation
on physician recommendation, particularly with split-

RESULTS
Four thousand two hundred and twenty-five patients
were included in the study; 47.0% (1987) prior to
the institution of split dose bowel preparation, and
53.0% (2238) after the institution of split dose
bowel preparation. Overall, 82.2% (n = 3472) of
the colonoscopies were compliant with guideline
recommendations, with a small but significantly
increased compliance rate in year 2011 (83.7%)
c o m p a re d t o ye a r 2 0 0 9 ( 8 0 . 4 %, P = 0 . 0 0 5 ) ,
corresponding to an unadjusted odds ratio of 1.25
(95%CI: 1.07-1.47; P = 0.005). Colonoscopies with
either “Adequate” or “Excellent” had increased from
30.6% in year 2009 to 39.6% in year 2011 (P < 0.001).
However, there was no significant difference in poor/
inadequate category of bowel preparation as there was
a mild increase from 4.6% in year 2009 to 5.1% in year
2011 (P = 0.50).
CONCLUSION
Split-dose bowel regimen increases endoscopists’
compliance to guidelines in average-risk patients with
normal colonoscopy or 1-2 small polyps.
Key words: Colorectal cancer screening; Bowel
preparation; Colonoscopy; Average-risk
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We evaluated the impact of split-dose
regimen on endoscopists’ compliance with guideline
recommendations for timing of repeat colonoscopy
in patients with normal colonoscopy or 1-2 small
polyps (< 10 mm). We retrospectively evaluated 4255
patients who underwent colonoscopy during two time
periods, pre and post the institution of split-dose bowel
preparation. We found that split-dose bowel regimen
increased endoscopists’ compliance to guidelines in
average risk patients with normal colonoscopy or 1-2
small polyps. Additionally, bowel preparation quality
with either “Adequate” or “Excellent” had increased
between the two time periods.
Menees SB, Kim HM, Schoenfeld P. Split-dose bowel
preparation improves adequacy of bowel preparation and
gastroenterologists’ adherence to National Colorectal Cancer
Screening and Surveillance Guidelines. World J Gastroenterol
2018; 24(6): 716-724 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i6/716.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i6.716
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Table 1 Utilized colonoscopy preparations
Bowel preparation

Diet and fluid instructions

Traditional dosing (night before)

Split dose-bowel preparation

PEG, HalfLytely,
Clear liquid diet for lunch and Take 8 oz. every 15 min until it is Between 5 pm and 6 pm the night before colonoscopy, drink
NuLYTELY, or TriLyte,
dinner;
gone between 12 pm and 6 pm.
one (8 oz.) glass of laxative and continue drinking one (8
Ingest other clear liquids
oz). glass every 15 min until 2l (64 oz.) of the preparation
between doses of laxative.
solution is gone;
Drink the final 2l (64 oz.) of prep solution 5 h before the
patient needs to leave for the procedure.
MoviPrep,
Clear liquid diet for lunch and Take 8 oz. every 15 min until it is
Between 5 pm and 6 pm, begin drinking the preparation;
dinner;
gone between 12 pm and 6 pm.
The MoviPrep container is divided by 4 marks;
Ingest other clear liquids
Every 15 min drink the solution down to the next mark
between doses of laxative.
(about 8 oz.), until the full liter has been consumed;
Over the course of the evening, drink an additional 0.5 L of
clear liquids;
The next day, drink the final liter (32 oz.) of preparation
solution 5 h before the patient needs to leave for the
procedure.
MiraLAX (PEG 3350)
Clear liquid diet for lunch and
Take 2 tablets of bisacodyl
At 12 noon, take 2 Dulcolax tablets;
/Gatorade
dinner;
between 12 pm and 6 pm, 4 h later
Between 5 pm and 6 pm, drink one (8 oz.) glass of the
Ingest other clear liquids
take 8 oz. of the MiraLAX/Gatrade Miralax/Gatorade solution and continue drinking one (8
between doses of laxative. mixed in 2 liters of Gatorade every oz.) glass every 15 min thereafter until half the mixture (32
15 min until gone.
oz.) is gone.
The next day, drink the final liter (32 oz.) of preparation
solution 5 h before the patient needs to leave for the
procedure.
OsmoPrep
Clear liquid diet for lunch and Take first set of 20 tablets between Between 5 and 6 pm take 4 tablets with 8 oz. of any clear
dinner;
12 noon and 6 pm;
liquid every 15 min;
Ingest other clear liquids
Take a dose of 4 tablets every 15 The patient will take a total of 20 tablets and drink 40 oz. of
between doses of laxative.
min with at least 8 ounces of clear
clear liquids over a 1 h period.
liquid;
The next day, 5 h before the patient needs to leave for your
The second set of 12 tablets was to procedure, take 4 tablets with 8 oz. of any clear liquid every
be taken 10-16 h after in the same
15 min;
manner as described above.
The patient will take a total of 12 tablets and drink 24 oz. of
clear liquid over a 30-min period.

dose bowel preparation. We hypothesized that the
institution of split-dosing bowel preparation will reduce
recommendations inconsistent with guidelines for followup colonoscopies in patients with normal colonoscopy or
1-2 small polyps (< 10 mm). Therefore, the objective
of this research was to quantify the impact of split-dose
regimen on endoscopists’ compliance with guideline
recommendations for timing of repeat colonoscopy in
patients with normal colonoscopy or 1-2 small polyps (<
10 mm).

colonoscopy with none, 1, or 2 identified polyps.
Subjects were excluded for the following reasons:
concurrent gastrointestinal symptoms (e.g., anemia,
overt or obscure gastrointestinal (GI) blood loss,
abdominal pain, diarrhea, unexplained weight loss);
family history of CRC; personal history of CRC, colon
polyps, hereditary CRC syndrome, or inflammatory
bowel disease; detection of any colonic polyps, or
incomplete colonoscopies (i.e., failure to visualize the
appendiceal orifice and cecum). Only colonoscopies
performed by gastroenterologists that were present
in both calendar years were included. Patients with
follow-up recommendations for “Barium enema” or
“Discontinue due to age” were also excluded.

MATERIALS AND METHODS
Study design

With Institutional Review Board approval, a retro
spective comparative review of medical records from
two time periods (pre and post institution of splitdose bowel regimen) was performed. Medical records
of consecutive average-risk patients aged ≥ 50 years
and undergoing colonoscopy for CRC screening in
the outpatient setting between January 1, 2009 and
December 31, 2009 (pre-implementation of split-dose
bowel regimen) and between January 1, 2011 and
December 31, 2011 (post-implementation of splitdose bowel regimen) were reviewed. Inclusion criteria
were average-risk patients referred for CRC screening

WJG|www.wjgnet.com

Protocol for bowel preparation and definition of bowel
preparation quality

Bowel preparation details are included in Table 1 for
same day bowel preparation utilized in 2009 and
split-dose bowel preparation utilized in 2011. Bowel
preparation quality and other endoscopic data were
reported via the ProVation Medical Systems v.42 and
University of Michigan endoscopy sites, respectively.
Endoscopists rated bowel preparation quality according
to the percentage of colonic mucosa visualized during
the colonoscopy based on the Aronchick score which
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Table 2 Patient and procedure characteristics by study year: 2009 is prior to split dosing, and 2011 is after split dosing
Characteristic
Age, yr
≤ 55
55-65
65-75
≥ 75
Female
Race/ethnicity
White or Hispanic
Black
Asian
Other
BMI (kg/m2), mean (SD)
Current narcotics2 use
Yes
No
Current TCA use
Yes
No
Type II diabetes
Yes
No
Bowel preparation quality
Adequate or excellent
Good
Fair
Inadequate or poor
Polyp presence
Yes
No
Preparation type
8L PEG
MiraLAX/Gatorade
4L PEG, GoLYTELY, NuLYTELY, Colyte, TriLyte
Half-Lytely,Osmoprep, Moviprep, and others
Preparation type
MiraLAX/Gatorade
4L PEG, GoLYTELY, NuLYTELY, Colyte, TriLyte
Half-Lytely, Osmoprep, Moviprep, and others
GI fellow presence
Yes
No

2009 (n = 1987)

2011 (n = 2238)

Total (n = 4225)

P value1

1096 (55.2)
606 (30.5)
233 (11.7)
52 (2.6)
1099 (55.3)

1311 (58.6)
674 (30.1)
253 (11.3)
0 (0)
1182 (52.8)

2407
1,280
486
52
2281

< 0.001

1652 (83.1)
131 (6.6)
128 (6.4)
20 (1.0)
1871 (94.2)

1846 (82.5)
160 (7.1)
129 (5.8)
100 (4.5)
2213 (98.9)

3498
291
257
120
4084

< 0.001

131 (6.6)
1856 (93.4)

163 (7.3)
2066 (92.3)

294
3922

0.360

47 (2.4)
1940 (97.6)

31 (1.4)
2198 (98.2)

78
4138

0.020

164 (8.3)
1823 (91.7)

201 (9.0)
2037 (91.0)

365
3860

0.400

592 (30.6)
1044 (54.0)
209 (10.8)
89 (4.6)

886 (39.6)
1048 (46.9)
189 (8.5)
113 (5.1)

1478
2092
398
202

< 0.001

745 (37.5)
1242 (62.5)

807 (36.1)
1431 (63.9)

1552
2673

0.330

5 (0.3)
541 (28.3)
1015 (53.1)
352 (18.4)

17 (0.8)
1228 (57.1)
771 (35.9)
133 (6.2)

22
1769
1786
485

< 0.001

541 (28.3)
1015 (53.1)
357 (18.7)

1228 (57.1)
771 (35.9)
150 (7.0)

1769
1786
507

< 0.001

187 (9.4)
1800 (90.6)

303 (13.5)
1935 (86.5)

490
3735

< 0.001

0.100

0.610

All values are n (%), unless otherwise specified. The total number of patients for each characteristic may not add to total (n = 4225) due to missing data.
1
From testing differences in the distribution of characteristics between years, based on t-test for continuous variables and χ 2 test for categorical variables;
2
Narcotics are opioids and their derivatives. Common narcotics include morphine, heroin, hydrocodone, oxycodone, methadone, and clonitazene. BMI:
Body mass index; TCA: Tricyclic antidepressant.

mendations consistent with guidelines included followup in 10 years, follow-up in 5 to 10 years for 1-2
small adenomas (as determined by pathologists),
or ≤ 1 year if bowel preparation quality was rated
poor or inadequate regardless of the number of
polyps. Any deviations from these recommendations
were considered inconsistent with guidelines. If no
recommendation was given by the endoscopist, it was
classified as inconsistent with guidelines.

has been previously validated: “Excellent”: greater
than 95% of mucosa visualized; “Good”: 90%-95%
of mucosa visualized; “Fair”: 80%-90% of mucosa
visualized; and “Poor”: less than 80% of mucosal
visualization. An endoscopist could also report bowel
preparation quality as “Adequate” or “Inadequate” if
they felt the preparation did or did not, respectively,
[10]
allow for the detection of polyps 5 mm or larger .

Endoscopists’ recommendation intervals

Subject and procedure data

Data were abstracted from patient colonoscopy report
forms, pathology report, and follow-up pathology letter
for the endoscopists’ recommendation for follow-up
screening colonoscopy. Follow-up recommendations
were determined by adherence to the American
[7]
College of Gastroenterology 2009 guidelines . Recom

WJG|www.wjgnet.com

Data were collected from medical notes on subject
demographic, clinical, and procedural factors. Demo
graphics included age, gender, and race/ethnicity;
clinical factors comprised body mass index (BMI),
concurrent narcotics and tricyclic antidepressant (TCA)
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RESULTS

Table 3 Adjusted odds ratios of guideline consistent
recommendations in average-risk patients (n = 4023)
Characteristic

OR

P value

95%CI

Year 2011
Age, yr
≤ 55
55-65
65-75
≥ 75
Male
Race/ethnicity
White or Hispanic
Black
Asian
Others
BMI (kg/m2)
Current Narcotics1 use
Current TCA use
Type II diabetes
Polyp presence
GI fellow presence

1.25

0.010

(1.05, 1.47)

1.00
0.80
0.64
0.40
0.94

0.020
< 0.001
0.004
0.440

(0.67, 0.97)
(0.50, 0.82)
(0.21, 0.74)
(0.79, 1.11)

1.00
0.90
1.09
1.00
0.99
0.79
0.89
0.68
2.29
1.48

0.520
0.630
0.990
0.100
0.140
0.710
0.006
< 0.001
0.020

(0.66, 1.24)
(0.76, 1.56)
(0.61, 1.64)
(0.97, 1.00)
(0.59, 1.08)
(0.50, 1.60)
(0.52, 0.89)
(1.89, 2.77)
(1.06, 2.08)

A total of 4225 patients were included in the study,
with 47.0% (1987) from year 2009 prior to the
institution of split-dose bowel preparation, and 53.0%
(2238) from year 2011 after the institution of split
dose bowel preparation. Overall, 82.2% (n = 3472)
of the colonoscopies were compliant with guideline
recommendations, with a significantly higher compliance
rate in year 2011 (83.7%) than in year 2009 (80.4%,
P = 0.005), corresponding to an unadjusted OR of 1.25
(95%CI: 1.07-1.47; P = 0.005).
Patient and procedure characteristics are sum
marized by study year in Table 2. Patients from year
2011 tended to be younger than those from year 2009
(means of 55.5 vs 56.1, respectively), but the difference
was significant because 0% of year 2011 patients
were 75 year or older, while 2.6% (52 of 1987) of year
2009 patients were 75 years or older. Patients from
the two years were also different with respect to other
characteristics including race and tricyclic antidepressant
use. Although the distribution of bowel preparation
quality was significantly different between the two
years, the difference was not in “Poor” or “Inadequate”
bowl quality. Specifically, in colonoscopies with bowel
preparation quality ratings noted using four-level
quality ratings only, colonoscopies rated as “Excellent”
increased from 26.5% in year 2009 to 37.8% in year
2011, while those rated as “Poor” increased only slightly
from 2.8% in 2009 to 3.1% in 2011. Similarly, when
the binary rating of “Adequate” was combined with
“Excellent” and “Inadequate” combined with “Poor” for
colonoscopies without the four-level bowel preparation
quality noted, the percentage of colonoscopies with
“Excellent” or “Adequate” bowel preparation increased
from 30.6% in year 2009 to 39.6% in year 2011 (P <
0.001, from comparing “Excellent” or “Adequate” vs
other quality ratings), while the percentage of “Poor”
or “Inadequate” quality increased from 4.6% in year
2009 to 5.1% in year 2011 (P = 0.50). Thus, the splitdose preparation appears to have resulted in a higher
percentage of excellent/adequate preparation quality
by reductions in mid-quality colonoscopies, but made
no significant difference in poor/inadequate category of
bowel preparation. Another important shift between the
two years was the higher rate of MiraLAX/Gatorade use
as the bowel preparation type in 2011 compared with
2009 (57.1% vs 28.3%).
Year 2011 cohort remained more likely to give
guideline consistent recommendations (OR = 1.25,
Table 3) even after adjusting for age, gender, race, BMI,
current narcotics use, TCA use, type Ⅱ diabetes, site,
and presence of polyp. Increasing age was associated
with significantly lower odds of guideline consistent
recommendations, and patients with type Ⅱ diabetes
was associated with 0.68 times lower (P = 0.005)

1

Narcotics are opioids and their derivatives; Common narcotics include
morphine, heroin, hydrocodone, oxycodone, methadone, and clonitazene.
BMI: Body mass index; TCA: Tricyclic antidepressant.

usage, and diabetic status. Colonoscopy procedure
data were collected on type of bowel preparation
agent used, whether a GI fellow participated, and
procedure completion status. Specific endoscopist
characteristics were not collected due to Institutional
Review Board concerns of the ability to identify specific
gastroenterologists with the collected information.

Statistical analysis

Recommendation appropriateness was determined
as either consistent or inconsistent with guidelines as
described above under Endoscopist Recommendation
Intervals. Primary exposure variable of interest was
the institution of split-dose bowel preparation, and thus
2
was the year 2011 vs 2009. χ tests and Student’s t-tests
were used to assess differences in various demographic
and procedure characteristics between 2009 vs
2011 cohort. To test if the institution of split-dosing
bowel preparation reduced the percent of follow-up
recommendations consistent with guidelines in patients
with normal colonoscopy, logistic regression was used
with guideline consistent recommendations as the
dependent variables and an indicator for 2011 cohort
as the primary predictor. Other independent predictors
of guideline consistent recommendations included
age, sex, race, BMI, narcotics use, TCA use, diabetes,
and procedure characteristics. Odds ratios (ORs) and
95% confidence intervals (CIs) were obtained from
the logistic regression model parameter estimates.
Statistical analyses were performed using Stata 13.1
(StataCorp LP, College Station, TX, United States)

WJG|www.wjgnet.com

720

February 14, 2018|Volume 24|Issue 6|

Menees SB et al. Impact of split-dose bowel regimen on GI follow-up recommendations
1

Table 4 Adjusted odds ratios of guideline consistent recommendations in average-risk patients obtained from logistic regression
models fit separately by each year

OR
Prep quality
Adequate or excellent
Good
Fair
Inadequate or Poor
Bowel prep type
MiraLAX/Gatorade
4L PEG, GoLYTELY, NuLYTELY, Colyte, TriLyte
Half-Lytely, Osmoprep, Moviprep, and others

2009 Before split-dosing
P value
95%CI

OR

2011 After split-dosing
P value
95%CI

1.00
0.55
0.04
0.17

0.001
< 0.001
< 0.001

(0.38, 0.78)
(0.03, 0.06)
(0.09, 0.30)

0.44
0.06
0.08

< 0.001
< 0.001
< 0.001

(0.32, 0.61)
(0.04, 0.09)
(0.05, 0.13)

1.00
0.65
0.62

0.013
0.032

(0.46, 0.91)
(0.41, 0.96)

1.00
1.10
0.70

0.485
0.134

(0.84, 1.45)
(0.44, 1.12)

1

Adjusted also for all variables listed under Table 3.

odds of guideline consistent recommendations. On
the other hand, the participation of GI fellows (P =
0.02) or having a colonoscopy with one or two polyps
(as determined by pathology) were associated with a
significantly higher likelihood (P < 0.001) of guideline
consistent recommendations.
Between the two years, in addition to the imple
mentation of split-dosing, the primary exposure of
interest, we found that both bowel quality and bowel
preparation distributions have changed significantly.
To assess if the increased compliance between the
two years can be explained by changes in preparation
quality (which we expected to be associated with split
dosing), changes in preparation type, or both, we
further adjusted the model with the bowel preparation
quality and bowel preparation type. After further
adjusting for bowel preparation quality, we no longer
found compliance difference between the two years
(OR = 1.12, 95%CI: 0.93-1.34, P = 0.25). In addition,
compared with “Excellent” or “Adequate” quality, all
other preparation quality ratings were associated
with lower odds of compliant recommendations: the
adjusted OR of compliance for “Good” preparation
was 0.48 (P < 0.001), “Fair” was 0.05 (P < 0.001),
and “Poor” or “Inadequate” was 0.11 (P < 0.001).
Similarly, when bowel preparation type categories were
added to the model, the difference between the two
years in compliance was no longer significant (OR =
1.16, P = 0.10), although bowel preparation type was
not statistically significant, either. Lastly, compliance
difference between the two years was not significant (OR
= 1.03, P = 0.76) when both preparation quality and
preparation type were included.
In summary, from year 2009 to year 2011, a signi
ficant increase in guideline consistent recommendations
was seen, a significant increase in “Excellent” or
“Adequate” colonoscopies was seen, and a significant
increase in the use of MiraLAX/Gatorade was seen.
However, the significant increase in guideline consistent
recommendations from year 2009 to 2011 was no
longer significant after controlling for either bowel
preparation quality or bowel preparation type. To
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explore further whether the changes in preparation
quality or preparation type led to increased compliance,
we also fit logistic regression models separately by year
(Table 4). In both 2009 and 2011 colonoscopies, we
found preparation quality to be an independent predictor
of compliance whether adjusted for preparation type
or not; however, preparation type was a significant
predictor of compliance only in 2009 colonoscopies,
prior to split-dosing. These results suggested that split
dosing likely reduced any differences in preparation
quality associated with preparation type and hence
resulted in less difference in compliance.

DISCUSSION
In our analysis of CRC screening in average-risk
patients, implementation of split-dose bowel pre
paration led to an increase in guideline consistent
recommendation, as indicated by increased percentage
of guideline consistent recommendations from
year 2009 to year 2011. Both the unadjusted and
covariate adjusted ORs indicated a significant increase
in guideline consistent recommendation from the
year before to after the implementation of split-dose
preparation. Additionally, we also found an increase
in the percentage of bowel preparations rated as
“Excellent” in quality between years 2009 and 2011,
and it appeared that split-dose preparation led to
a decrease in the percentage of “Good” and “Fair”
preparation, but not in “Poor” preparation. Further
analyses showed that an increase in guideline compliant
recommendations from year 2009 to 2011 was
explained by increased “Excellent” bowel preparation
or decreased “Good” or “Fair” preparation. We reached
this conclusion from the findings that: (1) a significant
increase in guideline consistent recommendations
was seen from year 2009 colonoscopies to year 2011
colonoscopies; (2) a significant increase in “Excellent” or
“Adequate” colonoscopies was seen from year 2009 to
year 2011; and (3) the significant increase in guideline
consistent recommendations from year 2009 to 2011
was no longer significant after controlling for bowel
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preparation quality. Our study adds further support
for the use of split-dose bowel regimen as it is now
uniformly recommended to optimize bowel preparation
[7,11-13]
for colonoscopy
.
This study is unique as it is the first to look at en
doscopists’ recommendations as an outcome preand post-introduction of split-dose bowel preparation.
Studies of physician post-colonoscopy recommendations
have shown varying compliance to guidelines. A
retrospective review of screening and surveillance
colonoscopies demonstrated endoscopists’ compliance
[14]
in 81% of subjects based on pathology . However,
recommendations were only provided in 74% of their
cohort. This study removed bowel preparation as a
factor as poor or fair bowel preparation or lack of bowel
preparation data was the exclusion criteria. These
[1]
findings are markedly better than those of Krist et al ,
where recommendations were only provided in 64.9%
of reports. In studies including bowel preparation in
their investigation, uniform bowel preparation quality
impacts the likelihood of endoscopists’ guideline
[15]
compliance. Ransohoff et al
found that follow-up
recommendations in bowel preparations less than
excellent were associated with shorter surveillance
intervals for those with no polyps, small or medium
[16]
adenomas. Additionally, Rex et al demonstrated that
imperfect bowel preparation led to a higher likelihood
of patients to be brought back earlier than suggested
or required by current practice standards (20% vs
12.5%, P = 0.04). Our study contributes data for future
benchmarks for endoscopist compliance of guidelines
in the real world, split-bowel preparation setting, as the
CMS requires reporting of quality indicators through the
PQRS.
Significant patient and procedural characteristics
were associated with both a higher and lower likelihood
of guideline-inconsistent follow-up recommendations.
Two patient characteristics associated with a higher
likelihood of guideline-inconsistent recommendations
included increasing age and the co-morbidity of diabetes
mellitus. Both characteristics are associated with CRC.
Increasing age is the strongest non-modifiable risk
[17]
factor for the development of CRC . The likelihood
of CRC begins to increase after age 40 with a peak
incidence between the ages of 65-79. For diabetes
[18]
mellitus, Larsson et al
performed a meta-analysis
of more than 2.5 million patients that demonstrated
a 30% increased risk of CRC relative to non-diabetic
individuals. This finding was constant even when
controlling for BMI and physical activity. This literature
may explain the association for early repeat colonoscopy
recommendations in patients with these characteristics.
However, two procedural characteristics, finding 1-2
polyps regardless of pathology and having a GI fellow
participate in the colonoscopy, were less likely to have
guideline-inconsistent follow-up recommendations.
Surveys of gastroenterologists have shown an im
provement in guideline knowledge and agreement for
[19,20]
follow-up recommendations for colonoscopies
. Saini
[19]
et al
assessed gastroenterologists’ knowledge of the
WJG|www.wjgnet.com

2003 guidelines for management of various polyps. At
that time, only 63.6% knew the correct interval for two
small adenomas, but also 28.8% of gastroenterologists
[20]
disagreed with the guideline. In 2010, Shah et al
surveyed Veterans Affairs gastroenterologists’ similar
questions about the 2006 polyp surveillance guidelines.
Ninety-five percent of gastroenterologists identified the
correct 5-10 years interval for one 8 mm adenoma.
In this cohort of GI doctors, only 7% of those who
knew guidelines correctly would deviate from clinical
guidelines in their clinical practice. With the finding of
any type of polyp, our endoscopists are compliant and
know the guidelines. Additionally, gastroenterology
fellows participating in the colonoscopy reduced the
likelihood of inconsistent guidelines. The influence would
have to be on the procedure itself as the attending
physician is responsible for the follow-up pathology
letter. In the literature, GI trainees have been noted to
have positive impact on adenoma detection rate with
the hypothesis that longer withdrawal times increase
the likelihood of polyp detection or having an additional
person involved in the colonoscopy allows optimal
[21-23]
visualization
. For our cohort, the fellows’ presence
may have allowed better visualization (possible more
patience with stool clearance or as a reminder for
guideline compliance).
Our study has several potential limitations. As this
study was retrospective in nature, the preparation type,
preparation quality documentation, and endoscopist
recommendations were limited to the medical records.
Furthermore, patients who were prescribed spilt-dose
bowel regimen during the second time period may
not have actually taken it as recommended. Another
limitation is the lack of use of quality assessment
tool training, such as the Boston Bowel Preparation
Scale; however, the grading scale in Provation is based
[10,24]
on the Aronchick scale
. Additionally, there may
be variability amongst physician reporting of bowel
preparation quality that is not able to be captured by the
retrospective nature of this study. The generalizability
of the study may be limited since it involved only
procedures performed by academic physicians, although
the study was conducted at outpatient ambulatory
surgery centers and in-hospital academic medical
centers.
In conclusion, our study demonstrates that besides
increasing bowel preparation quality, split-dose
bowel preparation also increases guideline consistent
recommendations in average-risk patients with normal
colonoscopy or 1-2 small polyps. Our data adds further
justification for the routine use of split-dose bowel
preparation in daily practice. Education about recent
guideline recommendations and the need for split-dose
bowel preparation should be continued.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Split-dose bowel regimen is considered standard of care for bowel preparation
in national guidelines. Since it improves bowel preparation quality, we should
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see an increase in endoscopists’ compliance to guidelines.
4

Research motivation

Split-dose bowel regimen is recommended in national guidelines for
colonoscopy bowel preparation. There is no data on how institution of split-dose
bowel preparation can maximize the proportion of patients with an “excellent”
bowel preparation and quantify the impact of “excellent” bowel preparation on
increasing the likelihood of recommending an appropriate interval for repeat
screening/surveillance colonoscopies.

5

6

Research objectives

To examine the impact of split-dose regimen on endoscopists’ compliance with
guideline recommendations for timing of repeat colonoscopy in patients with
normal colonoscopy or 1-2 small polyps (< 10 mm).

7

Research methods

We conducted this retrospective study of colonoscopies performed in averagerisk individuals aged 50 years or greater from two time periods, pre and postsplit bowel preparation institution. Only patients with normal or 1-2 small polyps
were included. Primary and secondary outcome measurements included:
recommendation for timing of repeat colonoscopy and bowel preparation
quality. Bivariate analysis and multivariable logistic regression analysis were
utilized to assess the impact of split-dosing bowel preparation on both physician
follow-up recommendation and bowel preparation quality.

8

9

Research results

After the institution of split-dose bowel regimen, there was a small, but
significant increase in physician compliance to guideline recommendations
in patients with normal colonoscopy and 1-2 small polyps. This correlated to
the increase in both excellent and adequate bowel preparation. There was no
measurable change in the amount of patients who had poor/inadequate bowel
preparation.

10
11

Research conclusions

In this current study, our research supports the use of split-dose bowel regimen
to help optimize bowel preparation. Improvement of bowel preparation quality
increases the likelihood of physician compliance for follow-up colonoscopy in
patients with normal colonoscopy and 1-2 small polyps.

Research perspectives

This study supports the use of split-dose bowel regimen for colonoscopy bowel
preparation. Our study also acquired information on endoscopist compliance to
CRC screening guidelines after the implementation of split-dose preparation in
order to provide a new baseline for comparison. Improvement in endoscopist
compliance can help make colonoscopy more cost-effective. It is crucial
for endoscopists to abide by current guidelines, as recommending earlier
colonoscopies not only exposes patients to excess procedural risk, but also
drains limited resources that could be used for unscreened patients. This study
provides pilot data for future endoscopist-based interventions.

12

13
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Abstract
AIM
To investigate the utility of hepatitis B surface antigen
(HBsAg) kinetics in chronic hepatitis B patients during
long-term entecavir treatment.

Informed consent statement: Informed consents were
obtained at the request of the Institutional Review Board of
National Cheng Kung University Hospital.

METHODS
This retrospective study included treatment-naïve
chronic hepatitis B patients who received at least 2
years of consecutive entecavir treatment. Patients were
followed up at three to six month intervals with liver
biochemistry, hepatitis B virus DNA, and abdominal
sonography. In hepatitis B e antigen (HBeAg)-positive
patients, HBeAg levels were assessed every three
to six month until results became negative. Serum
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HBsAg levels were determined at the baseline, oneyear and five-year time points. Liver cirrhosis was
diagnosed through liver biopsy, imaging examinations,
or clinical findings of portal hypertension. Hepatocellular
carcinoma was diagnosed by histological examination
or dynamic image studies.

INTRODUCTION
Patients with chronic hepatitis B virus (HBV) infection
are at risk of cirrhosis and hepatocellular carcinoma
[1]
(HCC) . Eradication of chronic HBV infection is difficult
because of the presence of covalently closed circular
[2]
DNA (cccDNA) in infected cells . HBV cccDNA resides
in the nucleus of infected cells as an episomal (i.e.,
nonintegrated) plasmid-like molecule. The paucity of
knowledge about cccDNA formation and degradation
is a considerable obstacle to the development of anti[2]
chronic HBV infection treatments .
Hepatitis B surface antigen (HBsAg) levels have
been used to discriminate between different clinical
[3]
[4,5]
phases , predict spontaneous HBsAg seroclearance ,
and identify inactive phases in hepatitis B e antigen
[6]
(HBeAg)-negative patients . HBsAg levels of < 100 IU/
[7]
mL could predict HBsAg loss in HBeAg seroconverters
and identify HBeAg-negative patients with inactive
[8]
virus .
HBsAg levels can also be used to guide pegylated
interferon (PegIFN) treatment course. In HBeAgpositive patients with an HBsAg level > 20000 IU/mL
after 24 wk of treatment, PegIFN discontinuation is
[9]
suggested . In HBeAg-negative patients without
HBsAg level declines by week 12 and without HBV DNA
level declines of > 2 log IU/mL, a sustained response to
[10]
therapy is considered impossible . PegIFN responders,
compared with nonresponders, had greater declines
in HBsAg and cccDNA levels. For PegIFN responders,
mean HBsAg reduction levels were 2.5 ± 2.3 log IU/mL
in HBeAg-positive patients and 2.5 ± 1.3 log IU/mL in
[11]
HBeAg-negative patients after 48 wk of treatment .
HBsAg levels declined much less rapidly during
nucleos(t)ide analogue (NA) treatment, compared with
[12]
PegIFN treatment . The declines in HBsAg levels from
the baseline to week 48 during NA treatment were 0.3
to 0.5 log IU/mL in HBeAg-positive patients and -0.1 to
[3]
0.1 log IU/mL in HBeAg-negative patients . For most
patients, long-term NA treatment renders a consistent
[13]
but slow reduction (0.084 log IU/year) .
For patients receiving NA treatment, HBsAg quan
tification may help to predict clinical outcomes. HBsAg
levels of < 3000 IU/mL at the baseline combined
with HBsAg declines of ≥ 75% from the baseline
[14]
could predict the eventual loss of HBsAg . An HBsAg
reduction of > 1 log IU/mL could reflect improved
[12,15]
immune control
, and a reduction of ≥ 0.5 log
IU/mL after 6 mo of treatment had a high negative
[16]
predictive value for HBsAg seroclearance .
Serum HBsAg is closely related to serum HBV DNA
and intrahepatic cccDNA in HBeAg-positive patients,
but it is poorly correlated with serum HBV DNA and
not correlated with intrahepatic cccDNA in HBeAg[11,17]
negative patients
. HBsAg changes after NA
treatment were also different between HBeAg-positive
[3]
and HBeAg-negative patients . Two studies reported
that baseline HBsAg levels could help to predict HBsAg

RESULTS
A total of 211 patients were enrolled. The median
treatment time was 5.24 (2.00-9.62) years. Multivariate
analysis showed that lower baseline HBsAg levels
were associated with an earlier virological response,
earlier hepatitis B e antigen (HBeAg) seroconversion,
and earlier biochemical response in HBeAg-positive
patients (cut-off value: 4 log IU/mL) and an earlier
virological response in HBeAg-negative non-cirrhotic
patients (cut-off value: 2.4 log IU/mL). Although HBsAg
levels decreased slowly during long-term entecavir
treatment, higher HBsAg decrease rates were found in
the first year for HBeAg-positive non-cirrhotic patients,
and patients with higher baseline HBsAg levels. More
favorable clinical outcomes were not observed by a
rapid HBsAg decline per se , but depended on lower
baseline HBsAg levels.
CONCLUSION
Baseline HBsAg can be used to predict treatment
responses. HBsAg levels and decrease rates should be
considered together according to disease status while
interpreting HBsAg changes.
Key words: Chronic hepatitis B; Entecavir; Hepatitis B e
antigen; Hepatitis B surface antigen; Kinetics
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Baseline hepatitis B surface antigen (HbsAg)
levels could be used to predict virological, serological,
and biochemical responses during entecavir treatment.
HBeAg-positive non-cirrhotic patients had the highest
HBsAg levels at the baseline and throughout entecavir
treatment, and had the highest HBsAg decrease rates
during the first year of entecavir treatment. HBsAg
levels decrease slowly during the treatment. Therefore,
HBsAg should be checked at a 1-year interval if he
patitis B virus DNA remains undetectable. A rapid
HBsAg decline per se did not achieve better patient
outcomes. In the interpretation of HBsAg changes,
HBsAg levels and decrease rates should be considered
together according to disease status.
Lin TC, Chiu YC, Chiu HC, Liu WC, Cheng PN, Chen CY,
Chang TT, Wu IC. Clinical utility of hepatitis B surface antigen
kinetics in treatment-naïve chronic hepatitis B patients during
long-term entecavir therapy. World J Gastroenterol 2018;
24(6): 725-736 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i6/725.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i6.725
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[18,19]

decline or loss in HBeAg-negative patients
. On
the contrary, some studies suggested that neither
baseline HBsAg nor reduction in HBsAg could predict
[20,21]
virological response in HBeAg-negative patients
.
Therefore, these results are rather divergent in HBeAgnegative patients. The aim of the current study was
to investigate the role of HBsAg levels in predicting
treatment responses and the clinical significance of
HBsAg kinetics for different disease statuses during
long-term entecavir treatment.

was defined as a loss of HBeAg, whereas HBeAg
seroconversion was defined as a loss of HBeAg and
occurrence of anti-HBe, according to the Asian Pacific
Association for the Study of the Liver HBV treatment
[22]
guideline . Because alanine aminotransferase (ALT)
levels usually fluctuated and were affected by multiple
factors during treatment, biochemical response was
defined as ALT normalization [(≤ upper limit of normal
(ULN)] for more than 6 mo during the study period and
for the last 6 mo of the study period in patients with
elevated baseline ALT levels. The ULN of ALT was 50
U/mL in male patients and 35 U/mL in female patients
at National Cheng Kung University Hospital.

MATERIALS AND METHODS
Patients

Laboratory measurements

This retrospective study analyzed treatment-naïve
chronic hepatitis B patients receiving at least two
years of consecutive entecavir treatment at National
Cheng Kung University Hospital. The exclusion
criteria were (1) prior treatment history with NAs or
interferon; (2) coinfection with hepatitis C virus or
human immunodeficiency virus infection; (3) endstage renal disease; (4) systemic chemotherapy due
to active cancer; and (5) post-organ transplantation.
During the study period, patients received entecavir
as the only anti-HBV therapy. Indications for entecavir
therapy followed the Asian Pacific Association for the
[22]
Study of the Liver HBV treatment guideline . Enrolled
patients were started on entecavir between December
2007 and January 2015. This study was approved by
the Institutional Review Board of National Cheng Kung
University Hospital. We analyzed the medical charts
and remaining serum samples of these patients in this
study. The informed consents of remaining specimen
usage were obtained from these patients at the request
of the Institutional Review Board of National Cheng
Kung University Hospital.

Serum HBsAg levels were measured using the Architect
HBsAg assay (Abbott, Chicago, IL, United States), with
a linear range of 0.05 to 250 IU/mL. Samples with
levels higher than 250 IU/mL were retested at a series
of dilutions according to the manufacturer’s instructions.
Serum HBV DNA levels were determined using the
Roche Cobas Amplicor [lower limit of detection (LLD):
60 IU/mL], the Roche Cobas TaqMan 48 analyzer
(LLD: 29 IU/mL), the Roche Cobas AmpliPre/Cobas
TagMan HBV Test, version 1.0 (LLD: 12 IU/mL), and
the Roche Cobas AmpliPre/Cobas TagMan HBV Test,
version 2.0 (LLD: 20 IU/mL). Baseline HBV DNA levels
of serum samples collected from 22 patients (22/211,
10.4%) between December 2007 and October 2009
were measured by our in-house LightCycler real-time
method, which was well correlated with results from the
Roche Cobas Amplicor. HBV genotype was determined
using melting curve analysis with LightCycler
[23]
hybridization probes, as described previously .

Statistical analysis

Continuous variables are expressed as mean and
standard deviation, except for treatment time, which is
expressed as median and range. Categorical variables
are expressed as numbers (percentages). Continuous
variables were compared using Student’s t test. The
distributions of categorical variables were compared
using the Chi-square test or Fisher’s exact test when
an expected value was less than 5. The cumulative
incidence of treatment responses and clinical events
with different variables were obtained using the KaplanMeier analysis, and the log-rank test was used to test
for statistical difference. Multivariate analysis was
performed using Cox proportional hazards regression
to determine the factors that were independently
associated with treatment responses and clinical events.
A linear mixed model with a random intercept was used
for analysis of longitudinal changes of HBsAg levels.
In this model, groups and time points were treated
as categorical variables and represented by dummy
variables. Statistical analysis was performed using Stata
14.2 (Stata-Corp, Tx, United States). Results were

Monitoring

All enrolled patients underwent follow-up liver bio
chemistry testing, HBV DNA testing, and abdominal
sonography at three to six month (twelve to twentyfour week) intervals. In HBeAg-positive patients,
HBeAg levels were assessed every three to six
month until results became negative. Serum HBsAg
quantification was performed at the baseline, oneyear (48 wk) time point, and five-year (240 wk) time
point after treatment. Liver cirrhosis was diagnosed
through liver biopsy, imaging examinations [abdominal
sonography, computed tomography (CT), or magnetic
resonance imaging (MRI)], or clinical findings of
portal hypertension (esophageal or cardiac varices by
esophagogastroduodenoscopy). HCC was diagnosed
by histological examination (liver biopsy or surgery) or
dynamic image studies (CT and MRI).
Virological response to treatment was defined as the
point at which serum HBV DNA became undetectable
(< 60 IU/mL) during treatment. HBeAg seroclearance
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Table 1 Clinical characteristics of enrolled patients, categorized by HBeAg status n (%)
Total (n = 211)

HBeAg-positive (n = 62)

HBeAg-negative (n = 149)

P value1

50.4 ± 11.9
147 (69.7)
5.24 (2.00-9.62)
66 (31.3)
32 (15.2)
101:86:2 (53.4%:45.5%:1.1%)

43.8 ± 12.2
39 (63.0)
4.39 (2.11-9.62)
12 (19.4)
5 (8.1)
21:39:01
(34.4%:63.9%:1.6%)
4.42 ± 6.62
7.24 ± 1.39
3.80 ± 0.71

53.2 ± 10.6
108 (72.5)
5.35 (2.00-9.58)
54 (36.2)
27 (18.1)
80:47:01
(62.5%:36.7%:0.8%)
3.99 ± 5.56
5.26 ± 1.50
2.89 ± 0.67

< 0.0001
0.170
0.590
0.016
0.060
0.001

Characteristics
Age (yr)
Male
Treatment time (yr)
Cirrhosis
HCC2
HBV genotype3
B:C:B + C
ALT (× ULN)
HBV DNA (log IU/mL)
HBsAg (log IU/mL)

4.12 ± 5.88
5.84 ± 1.70
3.15 ± 0.80

0.630
< 0.0001
< 0.0001

Continuous variables are expressed as mean ± SD, except treatment time, which is expressed as median (range). Categorical variables are expressed as
numbers (percentages). 1P value represents HBeAg-positive patients compared with HBeAg-negative patients; 2HCC diagnosed before or within half a
year of entecavir therapy; 3HBV genotype could not be determined in 1 HBeAg-positive patient and 21 HBeAg-negative patients because of low HBV viral
loads in these patients. ALT: Alanine aminotransferase; HBeAg: Hepatitis B e antigen; HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus; HCC:
Hepatocellular carcinoma; ULN: Upper limit of normal.
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Figure 1 Cumulative incidence of virological response. A: Cumulative incidence of virological response in HBeAg-positive patients; B: Cumulative incidence of
virological response in HBeAg-positive non-cirrhotic patients; C: Cumulative incidence of virological response in HBeAg-negative patients; D: Cumulative incidence of
virological response in HBeAg-negative non-cirrhotic patients.
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Table 2 Univariate and multivariate analyses of factors associated with virological response in HBeAg-positive patients
Factors

Univariate analysis
95%CI
0.73-2.36
0.98-1.02
0.42-1.96
0.62-2.09
0.98-1.06
0.96-7.68
1.08-3.55

HR
1.31
1.00
0.91
1.14
1.02
2.72
1.96

Sex (female vs male)
Age (yr)
Cirrhosis (yes vs no)
HBV genotype (B vs C)1
ALT (× ULN)
HBV DNA (≤ 5 vs > 5 log IU/mL)
HBsAg (< 4 vs ≥ 4 log IU/mL)

P value

HR
2.95
0.99
0.94
2.04
1.04
1.78
4.92

0.37
0.90
0.81
0.67
0.25
0.06
0.03

Multivariate analysis
95%CI
1.33-6.57
0.96-1.01
0.32-2.79
0.99-4.21
1.00-1.08
0.46-6.90
2.10-11.51

P value
0.008
0.390
0.910
0.053
0.060
0.400
< 0.001

1

Only one HBeAg-positive patient had a mixed HBV genotype B and C infection; therefore, a genotype B + C subset was not included in this analysis. ALT:
Alanine aminotransferase; CI: Confidence interval; HR: Hazard ratio; HBeAg: Hepatitis B e antigen; HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B
virus; ULN: Upper limit of normal.
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Figure 2 Cumulative incidence of HBeAg serological response. A: Cumulative incidence of HBeAg seroclearance; B: Cumulative incidence of HBeAg
seroconversion.

with a baseline HBsAg level of < 4 log IU/mL had
an earlier virological response, compared with those
with a baseline HBsAg level of ≥ 4 log IU/mL (P =
.024, Figure 1A). Multivariate analysis revealed that
the female sex and a baseline HBsAg level of < 4 log
IU/mL were independently associated with an earlier
virological response [female vs male: hazard ratio (HR):
2.95, 95% confidence interval (CI): 1.33-6.57, P =
0.008; HBsAg < 4 vs ≥ 4 log IU/mL: HR: 4.92, 95%CI:
2.10-11.51, P < 0.001, Table 2]. A subgroup analysis
for HBeAg-positive non-cirrhotic patients showed that
the female sex, a higher baseline ALT, and a baseline
HBsAg level of < 4 log IU/mL were independently
associated with an earlier virological response (Figure
1B and Supplemental Table 1A).
In HBeAg-negative patients (n = 142), a baseline
HBsAg level of < 2.4 log IU/mL predicted virological
response in the univariate analysis but not in the
multivariate analysis (Figure 1C and Supplemental Table
1B). Therefore, a subgroup analysis for HBeAg-negative
non-cirrhotic patients was performed. The results
indicated that among HBeAg-negative non-cirrhotic
patients (n = 90), those with a baseline HBsAg level
of < 2.4 log IU/mL achieved virological response more
easily (P < 0.0001, Figure 1D). Multivariate analysis

considered statistically significant at P < 0.05.

RESULTS
Patient characteristics

A total of 211 treatment-naïve chronic hepatitis B
patients receiving entecavir monotherapy were enrolled
in this study. The median entecavir treatment time
was 5.24 (2.00-9.62) years. The mean age was 50.4
± 11.9 years. Most patients were men (69.7%),
HBeAg-negative (70.6%), and non-cirrhotic (68.7%).
Compared with HBeAg-negative patients, HBeAgpositive patients had a younger age, higher baseline
HBV DNA and HBsAg levels, and lower proportions of
liver cirrhosis, HCC diagnosed before or within half a
year of entecavir therapy, and genotype B HBV infection
(Table 1).

Virological response

One hundred and ninety-six patients were assessed
for virological response to treatment. One hundred
and eighty-eight patients (188/196, 95.9%) achieved
virological response during treatment. The median
time to virological response was 0.50 (0.04-4.88)
years. Among HBeAg-positive patients (n = 54), those
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Table 3 Univariate and multivariate analyses of factors associated with virological response in HBeAg-negative non-cirrhotic patients
Factors
Sex (female vs male)
Age (yr)
HBV genotype (B vs C)1
ALT (× ULN)
HBV DNA (≤ 4 vs > 4 log IU/mL)
HBsAg (< 2.4 vs ≥ 2.4 log IU/mL)

HR
1.14
0.99
1.17
1.00
1.33
3.95

Univariate analysis
95%CI
0.72-1.81
0.97-1.01
0.70-1.93
0.96-1.04
0.73-2.40
2.19-7.12

P value
0.57
0.53
0.55
0.94
0.35
< 0.001

Multivariate analysis
95%CI
0.78-2.47
0.96-1.01
0.79-2.30
0.94-1.04
0.19-2.07
1.58-6.19

HR
1.39
0.99
1.34
0.99
0.63
3.12

P value
0.27
0.31
0.28
0.65
0.45
0.001

1

None of the HBeAg-negative non-cirrhotic patients had a mixed HBV genotype B and C infection. ALT: Alanine aminotransferase; CI: Confidence interval;
HR: Hazard ratio; HBeAg: Hepatitis B e antigen; HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus; ULN: Upper limit of normal.

Table 4 Univariate and multivariate analyses of factors associated with HBeAg seroclearance in HBeAg-positive patients
Factors
Sex (female vs male)
Age (yr)
Cirrhosis (yes no)
HBV genotype (B vs C)1
ALT (× ULN)
HBV DNA (≤ 5 vs > 5 log IU/mL)
HBsAg (< 4 vs ≥ 4 log IU/mL)

Univariate analysis
95%CI
0.36-1.54
0.98-1.03
0.64-3.15
0.57-2.39
0.96-1.09
0.64-6.93
1.49-7.43

HR
0.74
1.00
1.42
1.17
1.02
2.10
3.32

P value
0.43
0.81
0.39
0.67
0.51
0.22
0.003

Multivariate analysis
95%CI
0.49-2.67
0.95-1.02
0.24-2.07
0.90-4.62
0.98-1.09
0.83-13.87
2.19-15.00

HR
1.14
0.99
0.71
2.04
1.04
3.40
5.74

P value
0.76
0.42
0.53
0.09
0.17
0.09
< 0.001

1

Only one HBeAg-positive patient had a mixed HBV genotype B and C infection; therefore, a genotype B + C subset was not included in this analysis. ALT:
Alanine aminotransferase; CI: Confidence interval; HR: Hazard ratio; HBeAg: Hepatitis B e antigen; HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B
virus; ULN: Upper limit of normal.

Table 5 Univariate and multivariate analyses of factors associated with HBeAg seroconversion in HBeAg-positive patients
Factors
Sex (female vs male)
Age (yr)
Cirrhosis (yes vs no)
HBV genotype (B vs C)1
ALT (× ULN)
HBV DNA (≤ 5 vs > 5 log IU/mL)
HBsAg (< 4 vs ≥ 4 log IU/mL)

Univariate analysis
95%CI
0.29-1.72
0.95-1.02
0.31-2.75
0.35-2.13
0.96-1.10
0.93-10.76
1.12-8.28

HR
0.70
0.99
0.93
0.86
1.03
3.16
3.05

P value
0.440
0.440
0.890
0.750
0.390
0.070
0.029

Multivariate analysis
HR
95%CI
1.02
0.35-2.97
0.98
0.94-1.02
0.57
0.15-2.16
1.49
0.52-4.26
1.05
0.99-1.11
4.15
1.05-16.44
5.05
1.58-16.14

P value
0.970
0.310
0.410
0.450
0.120
0.043
0.006

1

Only one HBeAg-positive patient had a mixed HBV genotype B and C infection; therefore, a genotype B + C subset was not included in this analysis. ALT:
Alanine aminotransferase; CI: Confidence interval; HR: Hazard ratio; HBeAg, hepatitis B e antigen; HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B
virus; ULN: Upper limit of normal.

Table 6 Univariate and multivariate analyses of factors associated with new hepatocellular carcinoma development
Factors
Sex (female vs male)
Age (yr)
HBeAg (positive vs negative)
Cirrhosis (yes vs no)
HBV genotype (B vs C)1
ALT (× ULN)
HBV DNA (log IU/mL)
HBsAg (log IU/mL)

HR
0.42
1.08
0.44
11.32
0.58
1.02
0.90
0.80

Univariate analysis
95%CI
0.09-1.90
1.03-1.13
0.10-1.97
3.11-41.24
0.18-1.90
0.95-1.09
0.66-1.22
0.41-1.55

P value
0.26
0.001
0.28
< 0.001
0.37
0.55
0.48
0.51

HR
0.31
1.05
0.91
13.02
0.63
1.06
1.06
0.98

Multivariate analysis
95%CI
0.05-1.94
0.99-1.12
0.14-6.00
2.00-84.99
0.12-3.28
0.97-1.16
0.59-1.91
0.29-3.36

P value
0.21
0.12
0.92
0.007
0.58
0.20
0.84
0.97

1

Only two patients (one HBeAg-positive and one HBeAg-negative cirrhotic) had mixed HBV genotype B and C infection; therefore, a genotype B +
C subset was not included in this analysis. ALT: Alanine aminotransferase; CI: Confidence interval; HR: Hazard ratio; HBeAg: Hepatitis B e antigen;
HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; ULN: Upper limit of normal.
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A
Comparisons between different groups at one specific time point:
Group
Baseline 1 yr
5
HBeAg(+) Cirrhosis(-) vs HBeA (+) Cirrhosis(-)
P < 0.001 P = 0.027 P
HBeAg(+) Cirrhosis(-) vs HBeAg (-) Cirrhosis (-) P < 0.001 P < 0.001 P
HBeAg(+) Cirrhosis(-) vs HBeAg (-) Cirrhosis (+) P < 0.001 P < 0.001 P

yr
= 0.21
< 0.001
< 0.001

HBeAg (+) Cirrhosis (-)
HBeAg (-) Cirrhosis (-)
4.0

B

HBsAg (log IU/mL)

Comparisons between different time points for one specific group:
Group
Baseline vs 1 yr 1 year vs 5 yr Baseline vs 5 yr
HBeAg(+) Cirrhosis(-) P < 0.001
P = 0.050
P < 0.001
HBeAg(+) Cirrhosis(+) P = 0.58
P = 0.46
P = 0.28
HBeAg(-) Cirrhosis(-) P = 0.007
P = 0.010
P < 0.001
HBeAg(-) Cirrhosis(+) P = 0.17
P =0.021
P = 0.001

3.5

HBeAg (+) Cirrhosis (-)
HBeAg (+) Cirrhosis (+)

3.0

HBeAg (-) Cirrhosis (-)
2.5

HBeAg(-) Cirrhosis(+)

P = 0.032

0.40

2.0

P = 0.005
Annual HBsAg change (log IU/mL per yr)

HBeAg (+) Cirrhosis (+)
HBeAg (-) Cirrhosis (+)

P = 0.013

0.20

0
(Baseline)

P = 0.044

1

5
Treatment time (yr)

0.00
-0.09

-0.13

-0.20

-0.08

-0.13

-0.07

-0.10

-0.21
95%CI:
95%CI: -0.31 to 0.04
-0.35 to -0.07

-0.40
-0.49

95%CI:
-0.44 to 0.27

95%CI:
95%CI:
-0.36 to 0.16 -0.33 to 0.21

95%CI:
-0.41 to 0.16

-0.60
95%CI:
-0.67 to -0.32

95%CI:
-0.76 to 0.60

st

HBeAg
(+)
Cirrhosis (-)

C

th

The 1 to the 5 yr
(+)
(+)
(-)
   (-)
(+)
(-)

(-)
(+)

f

P = 0.001

c (0 vs 1)
f

a (1 vs 5)

f

c (0 vs 5)

3.0

2.5

c (1 vs 5)

b (0 vs 5)

2.0
0

1

5
Baseline HBsAg ≥ 3 log IU/mL
Baseline HBsAg < 3 log IU/mL

0.07

-0.10

95%CI:
-0.06 to 0.20

-0.30

95%CI:
-0.29 to -0.10

-0.40

-0.09

95%CI:
-0.31 to -0.12

-0.48

st

Baseline to the 1 yr

th

The 1st to the 5 yr

Time to virological response ≥ 6 mo
d

3.0

Time to virological response < 6 mo

c (0 vs 5)

P = 0.027

b (1 vs 5)
2.5

c (0 vs 5)

2.0
0

-0.09

-0.20

f
c (0 vs 1)
d

HBsAg (log IU/mL)

0.00

-0.60 95%CI:
-0.58 to -0.37

Annual HBsAg change (log IU/mL/yr)

3.5

P < 0.001

0.10

-0.50

Treatment time (yr)

D

Baseline HBsAg ≥ 3 log IU/mL
Baseline HBsAg < 3 log IU/mL

4.0

3.5
HBsAg (log IU/mL)

st

Baseline to the 1 yr
(+)
(-)
(-)
(+)
(-)
(+)

Annual HBsAg change (log IU/mL/yr)

-0.80

1

5
Treatment time (yr)
Time to virological response ≥ 6 mo
Time to virological response < 6 mo

0.00
-0.10

-0.10

95%CI:
-0.23 to 0.05

-0.30

95%CI:
-0.35 to 0.19

-0.40
-0.50

731

-0.08

-0.09

-0.20

-0.60
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P = 0.082
P = 0.513

0.10
0.00
-0.10

-0.11

-0.20
-0.40

-0.40

-0.50
-0.60
-0.70

95%CI:
-0.53～0.31

-0.54

95%CI:
95%CI:-0.73 to -0.07
-0.79 to -0.29
st
Baseline to the 1 yr

Treatment time (yr)
HBeAg-positive non-cirrhotic patients without HBeAg seroconversion
HBeAg-positive non-cirrhotic patients with HBeAg seroconversion

-0.15

-0.30

95%CI:
-0.66 to 0.35

-0.80

st

th

The 1 to the 5 yr

HBeAg-positive non-cirrhotic patients without HBeAg seroconversion
HBeAg-positive non-cirrhotic patients with HBeAg seroconversion

Figure 3 HBsAg kinetics during entecavir treatment. A: HBsAg levels at different time points, categorized by baseline HBeAg and cirrhosis status; B: Annual
HBsAg changes in different periods, categorized by baseline HBeAg and cirrhosis status; C: HBsAg levels and annual HBsAg changes, categorized by baseline
HBsAg < 3 log IU/mL and ≥ 3 log IU/mL; D: HBsAg levels and annual HBsAg changes, categorized by time to virological response < 6 mo and ≥ 6 mo; E: HBsAg
levels and annual HBsAg changes, categorized by HBeAg seroconversion in HBeAg-positive non-cirrhotic patients. Error bars represent 95% confidence intervals.
Comparisons between different time points or periods for one patient group: aP < 0.05, bP < 0.005, cP < 0.001; Comparisons between different groups at one specific
time point or period: dP < 0.05, eP < 0.005, fP < 0.001.

showed that a baseline HBsAg level of < 2.4 log IU/mL
was independently associated with an earlier virological
response (HR: 3.12, 95%CI: 1.58-6.19, P = 0.001,
Table 3). In HBeAg-negative cirrhotic patients (n =
52), baseline HBsAg levels failed to predict virological
response.

baseline ALT levels were assessed for biochemical
response to treatment. One hundred and thirty-four
patients (134/168, 79.8%) achieved biochemical
response during entecavir treatment. The median time
to biochemical response was 0.26 (0.04-3.09) years.
In HBeAg-positive patients with elevated baseline ALT
levels (n = 52), an HBsAg level of < 4 log IU/mL was
not associated with an earlier biochemical response,
as observed in Kaplan-Meier analysis and univariate
analysis (Supplemental Figure 1 and Supplemental
Table 2). However, multivariate analysis showed that
HBV genotype B and an HBsAg level of < 4 log
IU/mL were independently associated with more rapid
biochemical response (genotype B vs C, HR: 4.59,
95%CI: 1.60-13.15, P = 0.005; HBsAg < 4 log IU/mL
vs ≥ 4 log IU/mL, HR: 4.00, 95%CI: 1.41-11.36, P
= 0.009, Supplemental Table 2). In HBeAg-negative
patients with elevated baseline ALT levels (n = 116),
the baseline HBsAg level failed to predict biochemical
response, irrespective of cirrhosis status.

Serological response

Sixty-one HBeAg-positive patients were assessed for
serological response. Thirty-three patients (33/61,
54.1%) achieved HBeAg seroclearance during entecavir
treatment. The median time to HBeAg seroclearance
was 1.21 (0.19-6.99) years. HBeAg seroclearance
occurred more rapidly in patients with a baseline HBsAg
level of < 4 log IU/mL, compared with those with a
baseline HBsAg level ≥ 4 log IU/mL (P = 0.002, Figure
2A). Statistical significance remained after adjustment
(multivariate: HR: 5.74, 95%CI: 2.19-15.00, P < 0.001,
Table 4).
HBeAg seroconversion occurred in 22 patients
(22/61, 36.1%). The median time to HBeAg sero
conversion was 1.21 (0.21-7.49) years. Patients with a
baseline HBsAg level of < 4 log IU/mL achieved HBeAg
seroconversion more rapidly (P = 0.022, Figure 2B).
Multivariate analysis showed that an HBV DNA level of
≤ 5 log IU/mL and HBsAg level of < 4 log IU/mL
were independently associated with earlier HBeAg
seroconversion (HBV DNA ≤ 5 log IU/mL vs > 5 log IU/
mL: HR: 4.15, 95%CI: 1.05-16.44, P = .043; HBsAg
< 4 log IU/mL vs ≥ 4 log IU/mL: HR: 5.05, 95%CI:
1.58-16.14, P = 0.006, Table 5).

Clinical event: new hepatocellular carcinoma
development

New HCC development was defined as HCC diagnosed
after half a year of entecavir treatment in patients
without a history of HCC. One hundred and seventynine patients who had no HCC before and within a half
a year of entecavir treatment were assessed for new
HCC development. New HCC occurred in 13 patients
(13/179, 7.3%). The median time to the development
of new HCC was 5.16 (2.11-8.65) years. Liver cirrhosis
was associated with increased risk of new HCC (P <
0.001, Supplemental Figure 2). Multivariate analysis
revealed that liver cirrhosis was the only independent

Biochemical response

One hundred and sixty-eight patients with elevated
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Double-stranded
linear DNA
(C) Complete virions
(HBsAg+HBc+DNA)

Integrated viral sequences
(D)Replenishment
of cccDNA

RNA virions
(HBsAg+HBc+RNA)

(B) Relaxed
circular DNA

Empty virions
(HBsAg+HBc)
Subviral particles
(HBsAg)

cccDNA

(A) Nucleos(t)ide analogues
Pregenomic RNA
Pre-S1 mRNA
Pre-S2/S mRNA

L/M/S proteins

Figure 4 Possible mechanisms for HBsAg decline after nucleos(t)ide analogue treatment. A: Nucleos(t)ide analogues inhibit the activity of HBV reverse
transcriptase; B: The production of relaxed circular DNA; C and D: The package andrelease of complete virions, and the replenishment of cccDNA. cccDNA:
Covalently closed circular DNA; HBc: Hepatitis B core protein; HBsAg: Hepatitis B surface antigen; L/M/S proteins: Large, middle, and small envelope proteins; HBV:
Hepatitis B virus.

risk factor for new HCC (HR: 13.02, 95%CI: 2.00-84.99,
P = 0.007, Table 6).

are presented in Figure 3D. Patients with a time to
virological response of ≥ 6 mo had higher HBsAg
levels at the baseline, 1-year and 5-year time points,
compared with those with a time to virological response
of < 6 mo. The annual HBsAg decrease in the first
year for patients with a time to virological response
of ≥ 6 mo was higher than for patients with a time to
virological response of < 6 mo. Moreover, the HBsAg
decrease in the first year was higher than that from
the first to the fifth year for patients with a time to
virological response of ≥ 6 mo.
HBsAg levels at different time points and annual
HBsAg changes in different periods, categorized by
HBeAg-positive non-cirrhotic patients with and without
HBeAg seroconversion, are presented in Figure 3E.
HBeAg-positive non-cirrhotic patients without HBeAg
seroconversion had higher baseline and five-year
HBsAg levels than those with HBeAg seroconversion.
HBeAg-positive non-cirrhotic patients without HBeAg
seroconversion had a trend of greater annual HBsAg
decrease in the first year than from the first to the
fifth year, but these results did not reach statistical
significance, which may be due to the limited case
number at the 5-year time point.

Hepatitis B surface antigen kinetics

Serum HBsAg levels were determined at the baseline
(211 patients; 211/211, 100%), 1-year (175 patients;
175/211, 82.9%), and 5-year time points (68 patients;
68/113, 60.2%) of entecavir treatment.
HBsAg levels at different time points, categorized
by baseline HBeAg and cirrhosis status, are presented
in Figure 3A. The HBeAg-positive non-cirrhotic group
had significantly higher HBsAg levels at the baseline,
1-year, and 5-year time points, compared with the other
groups, except for the HBeAg-positive cirrhotic group at
the 5-year time point, which had a similar trend but did
not reach statistical significance. Annual HBsAg changes
in different periods, categorized by HBeAg and cirrhosis
status, are presented in Figure 3B. The HBsAg decrease
in the first year for the HBeAg-positive non-cirrhotic
group was higher than that for the other three groups;
moreover, the HBsAg decrease in the first year was
higher than the decrease observed from the first to the
fifth year for the HBeAg-positive non-cirrhotic group.
HBsAg levels at different time points and annual
HBsAg changes in different periods, categorized by
baseline HBsAg < 3 and ≥ 3 log IU/mL, are presented
in Figure 3C. Patients with baseline HBsAg levels ≥
3 log IU/mL had higher HBsAg at the baseline, 1-year
and 5-year time points than those with baseline HBsAg
levels < 3 log IU/mL. The annual HBsAg decrease in the
first year for patients with baseline HBsAg levels ≥ 3 log
IU/mL was higher than that for patients with baseline
HBsAg levels < 3 log IU/mL. Furthermore, the HBsAg
decrease in the first year was higher than the decrease
from the first to the fifth year for patients with baseline
HBsAg levels ≥ 3 log IU/mL.
HBsAg levels at different time points and annual
HBsAg changes in different periods, categorized by
time to virological response < 6 mo and ≥ 6 mo,
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DISCUSSION
Our data demonstrate that baseline HBsAg levels can be
used to predict virological, serological, and biochemical
responses in treatment-naïve chronic hepatitis B
patients during entecavir treatment. Furthermore,
our study provides a global view of HBsAg kinetics in
chronic hepatitis B patients, categorized by baseline
HBeAg and cirrhosis status during long-term entecavir
treatment. The HBeAg-positive non-cirrhotic group had
the highest HBsAg levels at the baseline and throughout
entecavir treatment, compared with the other three
patient groups. Although HBsAg levels decreased slowly
during long-term entecavir treatment, a rapid rate of
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HBsAg decrease was seen in the first year for HBeAgpositive non-cirrhotic patients.
Previous studies have shown that lower baseline
HBsAg levels were also associated with higher chances of
[5,20,21,24]
[21,24]
HBV DNA suppression
, HBeAg seroclearance
,
[25,26]
and HBsAg seroclearance
. Because HBeAg-positive
patients had higher HBsAg levels than HBeAg-negative
patients (Table 1), the finding that the cut-off values of
HBsAg for predicting treatment response were different
between HBeAg-positive and HBeAg-negative patients
is reasonable. In the current study, using an HBsAg cutoff value of 4 log IU/mL indicated that lower baseline
HBsAg levels were associated with an earlier virological
response, earlier HBeAg seroconversion, and earlier
biochemical response in HBeAg-positive patients, and
using a cut-off value of 2.4 log IU/mL, lower baseline
HBsAg levels were found associated with an earlier
virological response in HBeAg-negative non-cirrhotic
patients.
HBsAg levels decreased slowly during entecavir
treatment in most patients. In HBeAg-positive noncirrhotic patients, a higher rate of HBsAg decrease
was observed in the first year of treatment (Figure 3A
and 3B). When patients were categorized according
to baseline HBsAg levels, time to virological response,
and time to HBeAg seroconversion, higher rates
of HBsAg decrease were noted in the first year of
treatment for patients with higher baseline HBsAg
levels, patients with longer time to virological response,
and patients without HBeAg seroconversion (Figure
3C, D, and E). These findings demonstrate that higher
rates of HBsAg decrease occurred in the first year of
treatment for patients who had higher baseline HBsAg
levels. Therefore, rapid rates of HBsAg decline did not
necessarily guarantee better clinical outcomes. When
interpreting HBsAg changes, both HBsAg levels and
decrease rates should be considered according to
disease status. These findings are compatible to those
[27-29]
of previous studies
. Because HBsAg levels decrease
slowly during entecavir treatment, it could be checked at
a 1-year interval if HBV DNA remains undetectable, as
[1]
mentioned in a recent hepatitis B treatment guideline .
The difference in HBsAg kinetic patterns between
HBeAg-positive and HBeAg-negative patients is
appealing to consider. This could be related to the
dissimilar activity of virus in patients with different
HBeAg statuses. HBV cccDNA is the template for pre-S1
mRNA (2.4 kb), pre-S2/S mRNA (2.1 kb), preC mRNA
(3.5 kb), pregenomic RNA (3.5 kb), and HBx mRNA
(0.7 kb) transcription. Large (L) envelope proteins are
translated from the pre-S1 mRNA, whereas middle (M)
and small (S) envelope proteins are translated from
[12,30]
the pre-S2/S mRNA
. Serum HBsAg consists of
L, M, and S envelope proteins from complete virions
(Dane particles), RNA virions, empty virions, and
subviral particles (SVP, noninfectious HBsAg particles
with spherical or filamentous forms). The amount of

WJG|www.wjgnet.com

SVPs outnumbers complete virions by 1000-fold or
[12, 30-32]
greater
. HBsAg is derived not only from cccDNA
[12, 30, 31]
but also from integrated HBV DNA sequences
.
NA inhibits the activity of HBV reverse transcriptase,
posing an obstacle to the production of relaxed circular
DNA, the packaging and release of complete virions,
[2,30,32]
and the replenishment of cccDNA (Figure 4)
.
Notably, these integrated sequences constitute a
considerable part of the intrahepatic HBV DNA, and
serum HBsAg circulates mainly as defective particles
[31,33]
in HBeAg-negative patients
. This might account
for the differences in HBsAg kinetics between HBeAgpositive and HBeAg-negative patients.
There are limitations to this study: it is a retro
spective study of a single medical center, thus limiting
the diversity of our patient population. In addition,
serum samples were unavailable for 39.8% of enrolled
patients at the five-year time point, which may have
yielded some nonsignificant results for the HBeAgpositive cirrhotic patient group.
In conclusion, this study demonstrated that baseline
HBsAg levels could be used to predict virological,
serological, and biochemical responses during entecavir
treatment. Although HBsAg levels decreased slowly
during the treatment, a higher rate of HBsAg decrease
was found in the first year of treatment for HBeAgpositive non-cirrhotic patients. Higher rates of HBsAg
decrease were observed in the first year for patients
with higher baseline HBsAg levels. A rapid HBsAg
decline did not necessarily guarantee better outcomes.
Clinicians interpreting HBsAg kinetics should consider
HBsAg levels and decrease rates together according to
a patient’s disease status.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research Background

Hepatitis B surface antigen (HBsAg) levels have been studied in the natural
course and pegylated interferon treatment course. During nucleos(t)ide
analogue (NA) therapy, there are still controversies about using HBsAg to
predict treatment responses, especially in HBeAg-negative patients. Besides,
HBsAg kinetics and its relationships with outcomes during long-term entecavir
therapy have not been fully elucidated.

Research motivation

We hoped to elucidate the utility of HBsAg in the prediction of treatment
response in HBeAg-positive and HBeAg-negative patients. Furthermore, we
would like to demonstrate the detailed HBsAg kinetics among different disease
statuses and their relationships with the treatment outcomes.

Research objectives

We aimed to investigate the utility and kinetics of serum HBsAg in chronic
hepatitis B patients during long-term entecavir treatment.

Research methods

We conducted this retrospective study to analyze the relationships between
HBsAg levels and treatment responses in treatment-naïve chronic hepatitis
B patients receiving at least two years of consecutive entecavir treatment.
Patients were followed up at three to six month intervals with liver biochemistry,
hepatitis B virus DNA, and abdominal sonography. Serum HBsAg levels were

734

February 14, 2018|Volume 24|Issue 6|

Lin TC et al . HBsAg kinetics during long-term entecavir therapy
determined at baseline, one year and five year time points. The cumulative
incidence of treatment responses were obtained using the Kaplan-Meier
analysis. Multivariate analysis was performed using Cox proportional hazards
regression. A linear mixed model with a random intercept was used for analysis
of longitudinal changes of HBsAg levels.

8

Research results

We demonstrated that baseline HBsAg levels could be used to predict
treatment responses in HBeAg-positive patients with a cut-off value of 4 log
IU/mL and in HBeAg-negative non-cirrhotic patients with a cut-off value of 2.4
log IU/mL. Furthermore, our study provides a global view of HBsAg kinetics in
chronic hepatitis B patients during long-term entecavir therapy. The HBeAgpositive non-cirrhotic group had the highest HBsAg levels at the baseline
and throughout entecavir treatment, as compared with the other three patient
groups. Higher rates of HBsAg decrease were observed in the first year for
patients with higher baseline HBsAg levels. A rapid HBsAg decline did not
necessarily guarantee better outcomes

9

10

Research conclusions

Baseline HBsAg levels could be used to predict virological, serological, and
biochemical responses. In the interpretation of HBsAg changes, HBeAg levels
and decrease rates should be considered together according to a patient’s
disease status.

11

Research perspectives

HBsAg is a useful biomarker for chronic hepatitis B patients receiving NA
therapy. It deserves to be studied in large prospective cohorts with different
comorbidities for the future research.

12
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Abstract

Institutional review board statement: The study received a
waiver of the approval requirement from the ethics committee.

AIM
To investigate the performance of transient elasto
graphy (TE) for diagnosis of fibrosis in patients with

Informed consent statement: All patients signed an informed
consent form for liver biopsy.
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autoimmune hepatitis-primary biliary cholangitis (AIHPBC) overlap syndrome.

http://www.wjgnet.com/1007-9327/full/v24/i6/737.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i6.737

METHODS
A total of 70 patients with biopsy-proven AIH-PBC
overlap syndrome were included. Spearman correlation
test was used to analyze the correlation of liver stiffness
measurement (LSM) and fibrosis stage. Independent
samples Student’s t -test or one-way analysis of
variance was used to compare quantitative variables.
Receiver operating characteristics (ROC) curve was
used to calculate the optimal cut-off values of LSM for
predicting individual fibrosis stages. A comparison on
the diagnostic accuracy for severe fibrosis was made
between LSM and other serological scores.

INTRODUCTION
Liver fibrosis, characterized by the accumulation of the
extracellular matrix, has been considered a common
progressive stage and predictor of undesirable prognosis
[1]
in various chronic liver diseases . The evaluation of
fibrosis is crucial in the assessment of chronic liver
diseases. Liver biopsy remains the gold standard for
evaluating fibrosis but has some drawbacks, which has
led to the development of non-invasive methods.
Transient elastography (TE) by FibroScan based
on ultrasound can noninvasively evaluate liver fibrosis
[2]
via liver stiffness measurement (LSM) . It has been
introduced as a non-invasive surrogate to liver biopsy
for detection of hepatic fibrosis in patients with various
[3-6]
chronic liver diseases . Numerous studies have shown
that LSM values have a good correlation with histological
fibrosis stages. Furthermore, compared to other serum
biomarkers, such as aspartate aminotransferase (AST)to-platelet ratio index (APRI), and fibrosis-4 (FIB-4)
scores, LSM is probably the most validated non-invasive
method to assess the stage of fibrosis with better
[3,7,8]
diagnostic accuracy
.
Autoimmune hepatitis (AIH) and primary biliary
cholangitis (PBC) are two immune-mediated chronic
liver diseases targeting hepatocytes and biliary epithelial
[9]
cells, respectively . The overlap syndrome of AIH-PBC
shares clinical, biochemical, serological, and histological
[10]
features of patients with AIH and PBC . AIH is usually
a chronic and long-term disease, and approximately
25% of patients with AIH progress to hepatic fibrosis
[11]
or cirrhosis despite immunosuppression intervention .
Recently, studies reported that patients with AIH-PBC
overlap syndrome exhibited a lower response rate to
ursodeoxycholic acid and steroid combination therapy
while having a more severe clinical prognosis compared
[12]
with AIH patients . Therefore, accurately assessing
hepatic fibrosis and initiating anti-fibrotic intervention
are essential for some AIH-PBC overlap syndrome
patients with rapid disease progression. Our recent
study revealed that TE can reliably stage liver fibrosis
[13]
in AIH patients . However, the evaluation of TE in
assessing liver fibrosis in patients with AIH-PBC overlap
syndrome remains limited.
In the current study, we assessed the diagnostic
performance of TE in evaluating liver fibrosis in biopsyproven AIH-PBC overlap syndrome patients and made a
comparison with other non-invasive methods.

RESULTS
Patients with AIH-PBC overlap syndrome had higher
median LSM than healthy controls (11.3 ± 6.4 kPa vs 4.3
± 1.4 kPa, P < 0.01). LSM was significantly correlated
with fibrosis stage (r = 0.756, P < 0.01). LSM values
increased gradually with an increased fibrosis stage.
The areas under the ROC curves of LSM for stages F
≥ 2, F ≥ 3, and F4 were 0.837 (95%CI: 0.729-0.914),
0.910 (0.817-0.965), and 0.966 (0.893-0.995), re
spectively. The optimal cut-off values of LSM for fibrosis
stages F ≥ 2, F ≥ 3, and F4 were 6.55, 10.50, and
14.45 kPa, respectively. LSM was significantly superior
to fibrosis-4, glutaglumyl-transferase/platelet ratio,
and aspartate aminotransferase-to-platelet ratio index
scores in detecting severe fibrosis (F ≥ 3) (0.910 vs
0.715, P < 0.01; 0.910 vs 0.649, P < 0.01; 0.910 vs
0.616, P < 0.01, respectively).
CONCLUSION
TE can accurately detect hepatic fibrosis as a noninvasive method in patients with AIH-PBC overlap
syndrome.
Key words: Liver stiffness measurement; Transient
elastography; Liver fibrosis; Autoimmune hepatitis;
Primary biliary cholangitis; Overlap syndrome
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our research determined that transient
elastography can accurately detect hepatic fibrosis as
a non-invasive method in patients with autoimmune
hepatitis-primary biliary cholangitis overlap syndrome.
Liver stiffness measurements were significantly superior
to fibrosis-4, glutaglumyl-transferase/platelet ratio,
and aspartate aminotransferase-to-platelet ratio index
scores for detecting severe fibrosis.
Wu HM, Sheng L, Wang Q, Bao H, Miao Q, Xiao X, Guo CJ, Li
H, Ma X, Qiu DK, Hua J. Performance of transient elastography
in assessing liver fibrosis in patients with autoimmune hepatitisprimary biliary cholangitis overlap syndrome. World J
Gastroenterol 2018; 24(6): 737-743 Available from: URL:
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MATERIALS AND METHODS
Patients

Patients who were suspected to have AIH-PBC overlap
syndrome and eventually underwent liver biopsy at
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Renji Hospital (Shanghai, China) from September
2014 to July 2017 were recruited in this retrospective
study. Ultimately, a total of 70 patients met the
[10]
Paris AIH-PBC overlap syndrome criteria . Briefly,
the requirement of at least two out of three specific
criteria in each condition was met. The PBC criteria
included: (1) alkaline phosphatase (ALP) levels at
least twice the upper limit of normal (ULN) or gamma
glutamyltransferase (GGT) levels at least five times the
ULN; (2) anti-mitochondrial antibody (AMA) positivity;
and (3) florid bile duct lesion in liver biopsy. The AIH
criteria comprised of: (1) alanine aminotransferase
(ALT) levels at least five times the ULN; (2) IgG levels
at least twice the ULN or anti-smooth muscle antibody
(ASMA) positivity; and (3) moderate to severe
periportal or periseptal lymphocytic piecemeal necrosis
in histological examination. All patients received no
immunosuppressive therapy before liver biopsy.
The exclusion criteria included chronic infection with
hepatic virus B or C, primary sclerosing cholangitis
(PSC), PBC, AIH, drug-induced liver disease, alcoholic
or non-alcoholic fatty liver disease, hereditary metabolic
liver disease, hepatobiliary parasitic infection, and
severe systemic disease. Patients with acute severe
attack with markedly elevated serum aminotransferase
levels (ALT > 1000 U/L) and severe jaundice were
excluded. Decompensated cirrhosis with ascites, hepatic
encephalopathy, gastrointestinal bleeding, and hepatic
carcinoma were excluded. Each participant of this study
provided written informed consent.

[i.e., ALT, AST, ALP, GGT, total bilirubin, direct bilirubin,
globulin, and albumin], serum immunoglobulins (IgG,
IgM, and IgA), routine blood test (white blood cell
count and platelet count), and prothrombin time. APRI
[15]
score was calculated by using the formula of Wai et al
[(AST/ULN considered as 40 IU/L)/platelet count
9
× 10 /L]. FIB-4 score was calculated by using the
[16]
formula of Sterling et al [(age × AST)/(platelet count
1/2
× ALT )]. GGT/platelet ratio (GPR) was calculated
by using the formula of Lemoine et al (GGT/platelet
9
[17]
count × 10 /L) . The serum autoantibodies, including
anti-nuclear antibody (ANA), AMA, and ASMA were
detected by indirect immunofluorescence (Euroimmun
AG, Hangzhou, China).

LSM by TE

TE measured with a FibroScan device and an M probe
ultrasound transducer (both from Echosens, Paris,
France) was performed in all patients who underwent
liver biopsy on the same day. According to the ultra
sonography images, we selected an appropriate area
for detection that contained at least 6-cm-thick liver
parenchyma with absence of main blood vessels and
the gallbladder. We obtained 10 valid LSMs from each
participant and considered LSM with an interquartile
range ≤ 30% and a success rate ≥ 60% as reliable.
The median value represented the value of LSM
expressed in kilopascals (kPa). All the measurements
were performed following the manufacturer’s instru
ctions. LSM assessment of 25 healthy people as normal
controls was also performed.

Histological examination

Statistical analysis

Percutaneous liver biopsy guided by ultrasound was
performed in all patients under local anesthesia using
a 16G disposable needle. Liver specimens at least 1
cm in length with eight complete portal tracts were
included. The specimens were fixed in 10% neutral
formalin immediately and embedded in paraffin.
Hematoxylin and eosin staining was used to observe
the morphology of the liver, and Masson’s trichrome and
reticulin staining was performed to detect fibrosis. Liver
fibrosis and necroinflammatory activity were evaluated
by a single experienced pathologist who was blinded to
the patients’ clinical data. A METAVIR-derived scoring
system was used for evaluating liver fibrosis and
[14]
inflammation by a single senior pathologist . In brief,
the fibrosis stage description was F0, no fibrosis; F1,
portal fibrosis without septa; F2, portal and periportal
fibrosis with few septa; F3, portal and periportal
fibrosis with numerous septa without cirrhosis; and F4,
cirrhosis. Hepatic inflammatory activity was graded as
follows: A0, none; A1, mild; A2, moderate; and A3,
severe.

Data were analyzed using SPSS software version
22.0 (SPSS Inc, Chicago, IL, United States). Normally
distributed continuous variables are expressed as the
mean ± SD. Quantitative variables were compared
using independent samples Student’s t-test or oneway analysis of variance when appropriate. The
Spearman’s rank correlation test was used to explore
the correlation between the LSM and fibrosis grade.
The diagnostic accuracy of LSM for the prediction of
fibrosis stages was calculated using a receiver operator
characteristic (ROC) curve. Optimal LSM cut-off values
for F2-4 fibrosis were determined based on the highest
combined sensitivity and specificity (Youden index).
The performance characteristics of each cut-off value in
terms of sensitivity and specificity were calculated. The
areas under the ROC curves (AUROCs) were calculated
to compare the diagnostic efficiency of each noninvasive
predictor for severe fibrosis. A P-value < 0.05 was
considered statistically significant.

RESULTS

Clinical measurements

Characteristics of the patients

Medical records of all patients diagnosed with AIH-PBC
overlap syndrome were reviewed, and clinical data
and laboratory findings were collected and analyzed.
Laboratory evaluations included liver biochemistry
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A total of 70 biopsy-proven AIH-PBC overlap syndrome
patients were included, with a mean age of 46.6
± 10.2, and 84.3% of patients were female. In all
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Table 1 Baseline characteristics of the patients with
autoimmune hepatitis- primary biliary cholangitis overlap
syndrome n (%)

Age
Gender
Male
Female
Autoantibody positive rate
Liver function test (mean ± SD)
ALT (U/L)
AST (U/L)
GGT (U/L)
ALP (U/L)
Total bilirubin (μmol/L)
Albumin (g/L)
Serum IgG level (g/L)
Serum IgM level (g/L)
Biochemical score (mean ± SD)
APRI
FIB-4
GPR
Liver biopsy
Fibrosis stage
0
1
2
3
4
Hepatic inflammatory activity
0
1
2
3
LSM value (kPa, maean ± SD)

46.6 ± 10.2
11 (15.7)
59 (84.3)
94.3

a

20
a
10

185.6 ± 238.9
166.6 ± 190.7
363.2 ± 393.3
318.7 ± 245.9
32.3 ± 33.9
40.1 ± 8.0
17.0 ± 5.1
4.2 ± 6.9

0

NC

F1

F2

F3

F4

Figure 1 Correlation between liver stiffness measurement and histological
fibrosis stage. LSM values were assessed by TE in healthy normal controls
and AIH-PBC overlap syndrome patients with different liver fibrosis stages
based on the results of liver biopsy (F0-4). aP < 0.01, F2, 3, and 4 vs NC; bP
< 0.01, F3 vs F2; cP < 0.01, F4 vs F3. LSM: Liver stiffness measurement; NC:
Normal controls; AIH-PBC: Autoimmune hepatitis-primary biliary cholangitis;
TE: Transient elastography.

2.47 ± 3.85
3.22 ± 3.53
1.93 ± 2.28

2). The optimal cut-off values of LSM for fibrosis stages
were 6.55 pKa for F ≥ 2, 10.50 kPa for F ≥ 3, and
14.45 pKa for F4 with the highest combined sensitivity
and specificity (Table 2).

0 (0)
9 (12.9)
29 (41.4)
25 (35.7)
7 (10.0)

Comparison of the diagnostic accuracy of LSM for
severe fibrosis with other serological scores

0 (0)
1 (1.4)
30 (42.3)
39 (55.7)
11.3 ± 6.4

The biochemical scores FIB-4, GPR, and APRI were
calculated for all patients based on their laboratory
parameters. AUROCs of FIB-4, APRI, and GPR for
detecting severe fibrosis (F ≥ 3) were 0.715 (95%CI:
0.594-0.816), 0.649 (0.525-0.759), and 0.616
(0.0.492-0.730), respectively. LSM was superior to
FIB-4, GPR, and APRI in detecting severe fibrosis (F
≥ 3) by AUROC values (0.910 vs 0.715, P < 0.01;
0.910 vs 0.649, P < 0.01; 0.910 vs 0.616, P < 0.01,
respectively) (Figure 3).

AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; APRI:
Aspartate aminotransferase-to-platelet ratio index; FIB-4: Fibrosis-4; GGT:
Gamma glutamyltransferase; GPR: Gamma glutamyltransferase/platelet
ratio; LSM: Liver stiffness measurement.

patients, the prevalence of autoantibodies, including
ANA, AMA, and ASMA, was 94.3%. AIH-PBC overlap
syndrome was diagnosed based on the Paris criteria.
The general characteristics of the patients are shown
in Table 1.

DISCUSSION
Timely and accurate assessment of the degree of liver
fibrosis is crucial to the evaluation of disease progression
and decision of therapeutic schedule in various chronic
[18]
liver diseases . LSM assessed by TE was introduced
and widely used as an effective and promising noninvasive tool for assessment of liver fibrosis in patients
with chronic hepatitis B and C, as well as non-alcoholic
[19-21]
fatty liver diseases
. In the current study, we found
that LSM had a strong correlation with histological
fibrosis stage in patients with AIH-PBC overlap
syndrome, while it was significantly superior to FIB-4,
GPR, and APRI scores in detecting severe fibrosis.
Our study illustrated a favorable diagnostic
performance of LSM for assessing different fibrosis
stages in AIH-PBC overlap syndrome. The AUROCs of
LSM in detecting significant fibrosis (F ≥ 2), severe
fibrosis (F ≥ 3), and cirrhosis (F4) were 0.837, 0.910,
and 0.966, respectively. The cut-off values for predicting

Relationship between LSM and histological fibrosis
stage

LSM was successfully performed in all patients. The
mean LSM value of all AIH-PBC overlap syndrome
patients was clearly higher than that of healthy normal
controls (11.3 ± 6.4 kPa vs 4.3 ± 1.4 kPa, P < 0.01).
LSM values for fibrosis stages F1, F2, F3, and F4
were 6.9 ± 3.4 kPa, 8.3 ± 2.0 kPa, 13.3 ± 5.5 kPa,
and 22.8 ± 8.3 kPa, respectively. LSM was closely
correlated with fibrosis stage (r = 0.756, P < 0.01).
Patients with higher fibrosis stages usually had higher
LSM values (Figure 1).

Diagnostic accuracy of LSM

The AUROC values of LSM in detecting significant
fibrosis (F ≥ 2), severe fibrosis (F ≥ 3), and cirrhosis
(F4) were 0.837, 0.910, and 0.966, respectively (Figure
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Table 2 Diagnostic accuracy of liver stiffness measurement in detecting liver fibrosis in patients with autoimmune hepatitis-primary
biliary cholangitis overlap syndrome
stage

AUROC (95%CI) Cut-off (kPa)

F≥2
F≥3
F=4

0.837 (0.729-0.914)
0.910 (0.817-0.965)
0.966 (0.893-0.995)

6.55
10.50
14.45

Sensitivity

Specificity

PPV

NPV

+LR

-LR

0.902
0.844
1.000

0.778
0.921
0.889

0.965
0.900
0.500

0.538
0.875
1.000

4.06
10.69
9.00

0.13
0.17
0.00

AUROC: Areas under the receiver operator characteristic; PPV: Positive predictive value; NPV: Negative predictive value; +LR: Positive likelihood ratio;
-LR: Negative likelihood ratio.

B

100

C

100

100

80

80

60

60

60

40

40
20

20
0

Sensitivity

80
Sensitivity

Sensitivity

A

0

20

40

60

80

0

100

40
20

0

20

40

60

80

100-Specificity

100-Specificity

100

0

0

20

40

60

80

100

100-Specificity

Figure 2 The receiver operator characteristic curve of liver stiffness measurement for the diagnosis of liver fibrosis stage. A: Significant fibrosis (F ≥ 2); B:
Severe fibrosis (F ≥ 3); C: Cirrhosis (F4).

7.3 kPa, 9.8 kPa, and 17.3 kPa, respectively, in PBC and
[22]
PSC patients . It seemed that the patients with AIHPBC overlap syndrome or PBC had relatively higher LSM
values than AIH patients. The major reason is probably
that AIH-PBC overlap syndrome patients have a poor
treatment response and rapid disease progression.
However, in a meta-analysis comprised of 22 studies
and 4430 patients with different etiologies of liver
disease, the estimated LSM cut-off values were 7.71
[23]
kPa for F ≥ 2 and 15.08 kPa for F4 . Our findings are
similar to these results, indicating that etiology of liver
disease has no significant effect on LSM assessment.
LSM by TE had a favorable diagnostic performance
in evaluating liver fibrosis as a non-invasive method.
Compared with APRI and FIB-4, which are widely
used as non-invasive serologic methods, LSM showed
[6,24]
better accuracy in detecting liver fibrosis
. In the
current study, we also found that LSM was significantly
superior to FIB-4 and APRI in detecting severe fibrosis
in AIH-PBC overlap syndrome patients, which is
consistent with our previous result. In a recent study,
GPR had exhibited a better accuracy than APRI and
[17]
FIB-4 in detecting liver fibrosis in CHB patients .
Here, we found that GPR had a similar diagnostic
performance for detecting severe fibrosis to APRI and
FIB-4 scores but was inferior to LSM.
The major limitation of our study was the small
patient sample size due to the low prevalence of AIHPBC overlap syndrome. Larger studies are needed to
confirm these results.
In conclusion, LSM by TE is an accurate and reliable

100

Sensitivity

80
LSM
APRI
FIB-4
GPR

60

40

20

0

0

20

40

60

80

100

100-Specificity

Figure 3 The receiver operator characteristic curves of liver stiffness
measurement, fibrosis-4, aspartate aminotransferase-to-platelet ratio
index, and GRP for the detection of severe fibrosis (F ≥ 3). LSM: liver
stiffness measurement; GPR: GGT/platelet ratio; FIB-4: Fibrosis-4; APRI: Amino
transferase -to-platelet ratio index.

F ≥ 2, F ≥ 3, and F4 were 6.55, 10.50, and 14.45 kPa,
respectively. Compared with the cut-off values reported
in our recent study in patients with AIH alone, in which
the optimal LSM cut-off values for predicting significant
fibrosis, severe fibrosis, and cirrhosis were 6.45, 8.75,
[13]
and 12.5 kPa , respectively, the LSM cut-off values
in AIH-PBC overlap syndrome were slightly higher,
especially in severe fibrosis and cirrhosis. Another
study reported that the optimal LSM cut-off values for
significant fibrosis, severe fibrosis, and cirrhosis were
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non-invasive method in evaluating liver fibrosis in
patients with AIH-PBC overlap syndrome. LSM is
significantly superior to APRI, GPR, and FIB-4 scores
for detecting severe fibrosis.

6

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS

7

Research background

Transient elastography (TE) can reliably stage liver fibrosis via liver stiffness
measurement (LSM) in chronic liver disease. However, the accuracy of TE for
assessment of liver fibrosis in patients with autoimmune hepatitis-primary biliary
cholangitis (AIH-PBC) overlap syndrome is still unclear.

8

Research motivation

It is important to identify non-invasive markers of liver fibrosis to predict disease
progression.

9

Research objectives

We evaluated the performance and usefulness of TE for detection of fibrosis in
these patients and compared TE with other non-invasive diagnostic tools.
10

Research methods

The diagnostic accuracy of LSM for the prediction of fibrosis stages was
calculated using a receiver operator characteristic (ROC) curve. Optimal LSM
cut-off values for F2-4 fibrosis were determined based on the highest combined
sensitivity and specificity.

11

Research results

12

Research conclusions

13

TE can accurately detect hepatic fibrosis as a non-invasive method in patients
with AIH-PBC overlap syndrome.

For the first time, the current study evaluated TE as a non-invasive assessment
of liver fibrosis in patients with AIH-PBC overlap syndrome and demonstrated
that it was a reliable tool that was superior to serum biomarker scores for
predicting severe fibrosis.

14

Research perspectives

The impact of hepatic inflammation on LSM values was not analyzed due to the
relatively small number of patients in each subgroup. Larger studies are needed
to confirm these results.

15
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Abstract

Supported by the National Natural Science Foundation of
China, No. 81301232.

AIM
To describe contrast-enhanced ultrasound (CEUS)
features and evaluate differential diagnosis value of
CEUS and conventional ultrasound for patients with
benign and malignant gallbladder lesions.

Institutional review board statement: This study was
reviewed and approved by the Ethics Committee of Shanghai
General Hospital (No. 2013-094).
Informed consent statement: All study participants provided
written informed consent prior to study enrollment.

METHODS
This study included 105 gallbladder lesions. Before
surgical resection and pathological examination,
conventional ultrasound and CEUS were performed
to examine for lesions. Then, all the lesions were
diagnosed as (1) benign, (2) probably benign, (3)
probably malignant or (4) malignant using both
conventional ultrasound and CEUS. The CEUS features
of these gallbladder lesions were analyzed and
diagnostic efficiency between conventional ultrasound
and CEUS was compared.

Conflict-of-interest statement: None of the authors have any
conflict of interest disclosures to make.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
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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
There were total 17 cases of gallbladder cancer and
88 cases of benign lesion. Some gallbladder lesions
had typical characteristics on CEUS (e.g. , gallbladder
adenomyomatosis had typical characteristics of small
nonenhanced areas on CEUS). The sensitivity, specificity,
positive predictive value, negative predictive value and
accuracy of CEUS were 94.1%, 95.5%, 80.0%, 98.8%
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Full Professor, Department of Ultrasound, Shanghai General
Hospital, Shanghai Jiao Tong University School of Medicine, 100
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and 95.2%, respectively. These were significantly
higher than conventional ultrasound (82.4%, 89.8%,
60.9%, 96.3% and 88.6%, respectively). CEUS had
an accuracy of 100% for gallbladder sludge and CEUS
helped in differential diagnosis among gallbladder
polyps, gallbladder adenoma and gallbladder cancer.

gallbladder wall thickening or motionless sludge, from
malignant ones using conventional ultrasound. The
application of microbubbles could help in the differential
diagnosis by providing useful perfusion information in
[5]
the lesions .
Contrast-enhanced ultrasound (CEUS) has been
widely used in liver disease, with an excellent diagnostic
[6-8]
efficiency comparable to contrast-enhanced CT . The
value of CEUS in other organs, such as kidney, breast,
[9,10]
etc., has also been well established and identified
.
Although the value in gallbladder has not been
recognized and accepted by the European Federation
[11]
of Societies for Ultrasound in Medicine and Biology ,
there have been some studies which have shown the
usefulness of CEUS in the differential diagnosis between
[5,12]
benign and malignant gallbladder lesions
.
In this study, we described CEUS features and
evaluated differential diagnosis value of CEUS and
conventional ultrasound for patients with benign and
malignant gallbladder lesions.

CONCLUSION
CEUS may provide more useful information and improve
the diagnosis efficiency for the diagnosis of gallbladder
lesions than conventional ultrasound.
Key words: Contrast enhanced ultrasound; Conventional
ultrasound; Gallbladder carcinoma; Gallbladder
adenomyomatosis
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: With the advent of ultrasound contrast
agents, contrast-enhanced ultrasound (CEUS) is playing
a more and more important role clinically. However,
the value of CEUS in gallbladder lesions has not been
widely accepted yet. In this study, we evaluated the
differential diagnosis value of CEUS and conventional
ultrasound for patients with benign and malignant
gallbladder lesions. Our results showed that CEUS may
provide more useful information and improve diagnosis
efficiency for the diagnosis of gallbladder lesions than
conventional ultrasound.

MATERIALS AND METHODS
Study design

The Ethics Committee of our hospital approved
this study. Before the sonographic examination,
we obtained all patients’ written informed consent.
The features of gallbladder lesions in CEUS were
analyzed and described retrospectively. The study
and comparison of the diagnostic efficiency between
CEUS and conventional ultrasound was designed
prospectively.

Zhang HP, Bai M, Gu JY, He YQ, Qiao XH, Du LF. value of
contrast-enhanced ultrasound in the differential diagnosis of
gallbladder lesion. World J Gastroenterol 2018; 24(6): 744-751
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i6/744.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i6.744

Patients

Between December 2012 and October 2016, 136
gallbladder lesions in 133 patients were imaged using
both conventional ultrasound and CEUS in our hospital.
Of these, 31 lesions were excluded from this study
because the patients did not undergo cholecystectomy
and were without pathological diagnosis. Therefore, 105
gallbladder lesions in 103 patients (47 males and 56
females; mean age ± standard deviation, 42.5 ± 10.6
years) were included in this study.

INTRODUCTION
Conventional ultrasound is the primary and most
important imaging modality for gallbladder diseases.
The excellent image contrast between anechoic bile
and gallbladder wall or gallbladder diseases, and the
increasingly improved ultrasound spatial resolution
ensure conventional ultrasound to have a high detection
[1]
rate of gallbladder diseases . With the advantages of
real-time imaging, safety with no radiation, great cost
effectiveness and great spatial resolution, conventional
ultrasound makes itself more suitable than computed
tomography (CT) and magnetic resonance imaging
[2]
(MRI) for the detection of gallbladder diseases .
Despite the above-mentioned advantages of
conventional ultrasound, the sensitivity and accuracy
are not satisfactory, especially when stones or some
[3,4]
other gallbladder lesions fill the gallbladder lumen .
With no information of microvascularity, it is very hard
to differentiate some benign diseases, such as benign

WJG|www.wjgnet.com

Conventional ultrasound and CEUS

All the conventional ultrasound and CEUS examinations
were performed by an ultrasound physician with
thirteen years’ experience in conventional ultrasound
and five years’ experience in CEUS. An Acuson S2000
diagnostic ultrasound system or an Acuson Sequoia
512 diagnostic ultrasound system (Siemens Medical
Solutions, Mountain View, CA, United States) equipped
with a transabdominal curvilinear transducer running
TM
on Cadence Contrast pulse sequence (CPS) software
were used for all the ultrasound examinations. All the
patients fasted at least for 8 h before the examinations.
Conventional ultrasound examinations were
first performed to detect the gallbladder lesions.
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A

B

C

D

Figure 1 Gallbladder sludge in a 54-year-old female patient. A: B-mode sonography showed a hypoechoic, well-defined mass in the gallbladder, with an intact
gallbladder wall; B: Color Doppler ultrasound showed no color Doppler signal in the lesion. According to A and B, a diagnosis of probably benign was made; C: CEUS
showed complete nonenhancement on arterial phase; D: CEUS showed complete nonenhancement on venous phase. According to C and D, a diagnosis of benign
gallbladder sludge was made. CEUS: Contrast-enhanced ultrasound.

administrated through the antecubital vein as a bolus
immediately followed by 5 mL 0.9% saline solution. A
stopwatch was started at the same time. The image
was observed and recorded for 2 min and then the
whole gallbladder and the liver were scanned to find
other lesions and liver infiltration. After that, CEUS
features of the lesion were analyzed and a diagnosis
of benign, probably benign, probably malignant or
malignant was made according to CEUS features by the
above-mentioned radiologists.
After the resection of gallbladder lesions and the final
pathological diagnosis was made, CEUS images were
reviewed and the features of each kind of gallbladder
lesions in CEUS were analyzed and summarized.

Table 1 Diagnostic results of conventional ultrasound n (%)

Benign, n = 88
Malignant, n = 17

Benign
definitely
probably
61 (69.3)
18 (20.5)
0 (0)
3 (17.6)

Malignant
probably
definitely
8 (9.1)
1 (1.1)
5 (29.4)
9 (52.9)

The lesion’s size, location, shape, stalk, boundary,
echogenicity and wall destruction were analyzed and
recorded. Then, Doppler vascularity was observed
using color Doppler ultrasound. A diagnosis of benign,
probably benign, probably malignant or malignant was
made according to conventional ultrasound features,
by two radiologists with at least ten years’ experience
in both conventional ultrasound and CEUS. If they
concluded different diagnosis, a third radiologist (with
twenty-five years’ experience in conventional ultrasound
and twelve years’ experience in CEUS) discussed
together with them and decided on a final diagnosis.
For CEUS examinations, the same ultrasound
machines were used. SonoVue (Bracco, Italy), the
only microbubbles permitted for clinical use in China,
was used in this study and was prepared following
the appropriate guidelines before examinations. Every
patient was instructed to take gentle and steady
breaths to minimize the influence by respiratory
movement. When the target lesion was shown clearly
using conventional ultrasound, the CPS mode (MI:
0.21) was activated. A dose of 1.6 mL of SonoVue was
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Statistical analysis

SPSS version 13.0 software (IBM Corporation, Chicago,
IL, United States) was used for statistical analysis. P <
0.05 was considered a statistically significant difference.
The diagnostic efficiency of conventional ultrasound and
CEUS was assessed in terms of sensitivity, specificity,
positive predictive value, negative predictive value and
accuracy and was compared using chi-square test and
Fisher’s exact test.

RESULTS
Pathological results

There were 17 malignant and 88 benign gallbladder
lesions in total in this study according to the histo
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D

Figure 2 Gallbladder adenomyomatosis in a 62-year-old male patient. A: B-mode sonography showed a heterogeneously hypoechoic lesion on the gallbladder
wall, with an intact gallbladder wall; B: Color Doppler ultrasound showed no color Doppler signal in the lesion. According to A and B, a diagnosis of probably benign
was made. C: CEUS showed heterogeneously enhanced, with some small nonenhanced areas, on arterial phase; D: CEUS showed heterogeneously enhanced, with
some small nonenhanced areas, on venous phase. According to C and D, a diagnosis of benign gallbladder adenomyomatosis was made. CEUS: Contrast-enhanced
ultrasound.

Table 2 Diagnostic efficiency of conventional ultrasound and contrast-enhanced ultrasound between benign and malignant
gallbladder lesions n (%)
Features of lesions

Sensitivity

Specificity

Positive predictive value

Negative predictive value

Accuracy

82.4
94.1
0.301

89.8
95.5
0.124

60.9
80.0
0.152

96.3
98.8
0.297

88.6
95.2
0.064

Conventional ultrasound
Contrast-enhanced ultrasound
P value

gallbladder wall was intact and the surrounding tissue
was normal, with no invasion (Figure 3).
The appearances of gallbladder cancer on CEUS
were various. It could be a mass in gallbladder which
was heterogeneously hyperenhanced on arterial
phase and washed out quickly (Figure 4). Or, the
irregular thickness of gallbladder, which was also
heterogeneously hyperenhanced on arterial phase and
washed out quickly, could be a sign of malignancy. In
some cases, the intact gallbladder wall was destroyed
or the surrounding liver tissue was invaded.
Besides providing microvascular information, CEUS
makes the contour of a lesion much clearer and the
evaluation of a lesion’s shape, size and boundary much
more accurate.

pathological diagnosis after cholecystectomy, including
17 cases of gallbladder cancer, 11 case of gallbladder
sludge, 28 cases of gallbladder adenomyomatosis, 36
cases of gallbladder polyps and 13 cases of gallbladder
adenoma.

Sonographic features on CEUS

All the cases of gallbladder sludge were shown as
completely nonenhanced on CEUS, and the diagnostic
accuracy was 100% (Figure 1).
Gallbladder adenomyomatosis was mostly shown
as heterogeneously enhanced, with some small
nonenhanced areas (represented as Rokitansky-Aschoff
sinuses) on both arterial phase and venous phase (Figure
2). Some of them were together with echogenic foci
and tail sign.
Gallbladder polyps and gallbladder adenoma were
mostly shown as homogeneously hyperenhanced on
arterial phase and isoenhanced on venous phase. The

WJG|www.wjgnet.com

Diagnostic efficiency of conventional ultrasound

The diagnostic results of conventional ultrasound are
shown in Table 1. There were 3 malignant lesions
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D

Figure 3 Gallbladder polyps in a 38-year-old male patient. A: B-mode sonography showed a homogeneously isoechoic lesion in the gallbladder, with an intact
gallbladder wall; B: Color Doppler ultrasound showed no color Doppler signal in the lesion. According to A and B, a diagnosis of probably benign was made. C: CEUS
showed a homogeneous and a little hyperenhanced lesion in the gallbladder on arterial phase; D: CEUS showed the enhancement of the lesion is similar to the
surrounding gallbladder wall on venous phase. According to C and D, a diagnosis of benign lesion was made. CEUS: Contrast-enhanced ultrasound.

confirmed as malignant by CEUS. For benign lesions, all
the cases of sludge were confirmed as benign. All cases
of adenomyomatosis but 3 (1 diagnosed as probably
malignant and 2 as probably benign) and all cases of
polyps but 3 (1 diagnosed as probably malignant and
2 as probably benign) were confirmed as benign. Two
cases of adenoma were misdiagnosed as probably
malignant and another two cases of adenoma were
diagnosed as probably benign. The rest 9 of the cases
of adenoma were confirmed as benign.
The sensitivity, specificity, positive predictive
value, negative predictive value and accuracy of
CEUS are shown in Table 2. The diagnostic efficiencies
of CEUS were all significantly higher than those of
conventional ultrasound, though the differences were
not statistically significant.

Table 3 The Diagnostic results of contrast- enhanced
ultrasound n (%)

Benign, n = 88
Malignant, n = 17

Benign
Definitely
Probably
78 (88.6)
6 (6.8)
0 (0)
1 (5.9)

Malignant
Probably
Definitely
4 (4.5)
0 (0)
6 (35.3)
10 (58.8)

misdiagnosed as probably benign and 5 diagnosed
as probably malignant. There were 8 benign lesions
(2 cases of sludge, 3 cases of adenomyomatosis, 2
cases of polyps and 1 case of gallbladder adenoma)
misdiagnosed as probably malignant, and one benign
lesion misdiagnosed as definitely malignant (1 case
of adenoma). A total of 18 benign lesions (3 cases of
sludge, 5 cases of adenomyomatosis, 5 cases of polyps
and 5 cases of gallbladder adenoma) were diagnosed
as probably benign.
The sensitivity, specificity, positive predictive value,
negative predictive value and accuracy of conventional
ultrasound were shown in Table 2.

DISCUSSION
In this study, we compared the value of CEUS in
the differential diagnosis of benign and malignant
gallbladder lesions with conventional ultrasound.
Our results showed that the diagnostic efficiencies of
CEUS were much higher than those of conventional
ultrasound, though the differences were not statistically
significant. With all the advantages and information
of conventional ultrasound, CEUS provides more
information about the important microvascularity in
lesions. Also, with the application of microbubbles, the
contour, the boundary and the shape of a lesion, the

Diagnostic efficiency of CEUS

The diagnostic results of CEUS are shown in Table
3. Two malignant lesions which were misdiagnosed
as probably benign by conventional ultrasound were
correctly diagnosed as probably malignant by CEUS,
and one malignant lesion which was diagnosed as
probably malignant by conventional ultrasound was
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Figure 4 Gallbladder cancer in a 46-year-old male patient. A: B-mode sonography showed a heterogeneously hypoechoic mass in the gallbladder, and the
posterior wall of the gallbladder was not very clear; B: Color Doppler ultrasound showed no color Doppler signal in the lesion. According to A and B, a diagnosis of
probably malignant was made. C: CEUS showed a heterogeneously hyperenhanced mass with tortuous-type tumor vessel on arterial phase and the boundary of the
mass was not clear; D: CEUS showed the enhancement of the lesion is much lower than that of the surrounding gallbladder wall on venous phase. According to C and D,
a diagnosis of malignant mass was made. CEUS: Contrast-enhanced ultrasound.
[17]

intactness of gallbladder wall and the invasion of the
surrounding tissue could be revealed more clearly.
So, the diagnostic efficiencies were highly improved,
though the differences between the diagnostic
efficiencies were not statistically significant.
Although the clinical significance of gallbladder
sludge has not been confirmed yet, the accurate
diagnosis is still of importance to avoid unnecessary
[13]
examination and treatment . Gallbladder sludge is
usually shown on ultrasound as movable, echogenic
matter, which could be easily diagnosed. However,
sometimes gallbladder sludge could be shown as
an intraluminal mass and imitates tumors such as
[14]
gallbladder cancer or adenoma . Then, the differential
diagnosis is very difficult using conventional ultrasound.
CEUS is very useful at such a time. As sludge has
no blood supply inside it, it shows a complete
nonenhancement on both arterial phase and venous
phase. The diagnostic accuracy was 100% in our
study, and the result was similar with some previous
[11,15]
studies
.
Gallbladder adenomyomatosis is a noninfectious
and nontumorous disease of gallbladder which is
usually found accidentally, with no malignant potential
[16]
and which needs no specific treatment . It has some
typical characteristics on CEUS, too. With the small
nonenhanced areas on arterial phase and venous phase
(represented as Rokitansky-Aschoff sinuses), together
with echogenic foci and tail sign or not, the correct
[17,18]
diagnosis would be easily made
. The study by Tang
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et al showed that small anechoic spaces or intramural
echogenic foci were 100% detected using CEUS,
which made the diagnostic accuracy much higher than
conventional ultrasound. In this study, besides one case
with no small anechoic spaces that was misdiagnosed
as probably malignant, the rest of the cases were all
diagnosed correctly as gallbladder adenomyomatosis.
The differential diagnosis among gallbladder polyps,
gallbladder adenoma and gallbladder cancer was not
easy on CEUS. However, some studies showed that
some CEUS features were useful and significant for
differentiating malignancy from benignity. The study of
[19]
Xu et al showed that focal gallbladder wall thickening,
inner layer discontinuity and outer layer discontinuity
were associated with gallbladder malignancy. Branched
or linear intralesional vessels, tortuous-type tumor
vessel, enhanced heterogeneously in the artery phase
and washed out quickly in the late phase were usually
[20-22]
considered as signs for malignancy
. On the
contrary, gallbladder polyps or gallbladder adenoma was
usually enhanced homogenously and the microbubbles
inside the lesions washed out together with normal
gallbladder wall. Recently, the study of the differential
diagnosis of localized gallbladder lesions using contrastenhanced harmonic endoscopic ultrasonography
also confirmed the value of CEUS for the evaluation
[23]
and differentiation of localized gallbladder lesions .
Although CEUS provides the microvascular information,
conventional ultrasound is still very important and is
the foundation of CEUS. The size, shape and boundary
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and CEUS. CEUS features of these gallbladder lesions were analyzed. The
sensitivity, specificity, positive predictive value, negative predictive value and
accuracy of conventional ultrasound and CEUS was calculated and compared.

of a lesion, the intactness of gallbladder wall and the
invasion of surrounding tissue are very important for the
differential diagnosis. Besides providing microvascular
information, CEUS makes the contour of a lesion much
clearer and the evaluation of a lesion’s shape, size and
boundary much more accurate. That is an important
reason for the improvement of CEUS diagnostic
efficiency, compared with conventional ultrasound.
Our study has some limitations. First, the sample
was not large enough, especially for the malignant
lesions. The pathological types of the lesions were
not enough in number, either. For example, all the
gallbladder adenomyomatosis in our study were of
localized type, and no segmental or diffuse types
were included. And, there were only a few early-stage
cancers in this study, making it hard to compare the
difference between benign lesions and early-stage
cancers on CEUS. Second, the CEUS features were
not analyzed using quantitative analysis software,
but by naked eyes. No quantitative parameters were
acquired and analyzed. Furthermore, the interobserver
agreement in CEUS and conventional ultrasound was
not compared in this study.
In conclusion, gallbladder sludge and gallbladder
adenomyomatosis had special features on CEUS and
the diagnostic accuracy was very high. CEUS helped
the differential diagnosis among gallbladder polyps,
gallbladder adenoma and gallbladder cancer. The
diagnostic efficiency of CEUS was highly improved
compared to conventional ultrasound.

Research results

Gallbladder sludge was completely nonenhanced on CEUS. Gallbladder
adenomyomatosis had typical characteristics of small nonenhanced areas on
CEUS, together with echogenic foci and tail sign sometimes. Gallbladder cancer
on CEUS was usually heterogeneously hyperenhanced on arterial phase and
washed out quickly. Besides providing microvascular information, CEUS makes
the contour of a lesion much clearer and the evaluation of a lesion’s shape, size
and boundary much more accurate.
The sensitivity, specificity, positive predictive value, negative predictive value
and accuracy of CEUS were 94.1%, 95.5%, 80.0%, 98.8% and 95.2%,
respectively; these values were significantly higher than conventional
ultrasound (82.4%, 89.8%, 60.9%, 96.3% and 88.6%, respectively).

Research conclusions

CEUS helped in the differential diagnosis between among different kinds
of gallbladder lesions. The diagnostic efficiency of CEUS was highly
improved compared with conventional ultrasound. According to our results,
for a gallbladder lesion, when a definite diagnosis could not be made using
conventional ultrasound, CEUS examination could be used as a further
diagnostic method.

Research perspectives

In this study, we demonstrated the value of CEUS for gallbladder lesions.
Prospective study with large numbers of patients and different kinds of
gallbladder lesions will be needed to confirm the results. The application of
endoscopic CEUS may provide more useful information for differentiating
between benign and malignant gallbladder lesions.
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Abstract

after liver transplantation is common and we en
countered a case of de novo hepatitis B virus (HBV)
infection following liver transplantation. Serum antiHBs, albumin, total bilirubin, and direct bilirubin prior to
liver transplantation were identified as potential factors
related to HBV immunity loss after liver transplantation.
A booster dose of hepatitis B vaccine and raising serum
albumin to normal levels could delay the rapid loss of
HBV immunity after liver transplantation but may not
prevent de novo hepatitis B. Consequently, strategies
are required to maintain anti-HBs antibody above the
protective level after liver transplantation. Regular
assessment of anti-HBs after liver transplantation
should also be considered along with revaccination to
guarantee long-term protection from HBV infection.

AIM
To assess the seroprevalence of hepatitis B virus (HBV)
immunity among previously vaccinated pediatric liver
transplant recipients and present a case report of de
novo hepatitis B infection after liver transplantation.
METHODS
This study focused on children with chronic liver
diseases who received primary hepatitis B immunization
and had a complete dataset of anti-HBs before and
after liver transplantation between May 2001 and June
2017. Medical records were retrospectively reviewed for
potential factors relating to HBV immunity loss.
RESULTS
In total, 50 children were recruited. The mean time
from liver transplantation to anti-HBs testing was
2.53 ± 2.11 years. The mean anti-HBs levels before
and after liver transplantation were 584.41 ± 415.45
and 58.56 ± 6.40 IU/L, respectively. The rate of nonimmunity (anti-HBs < 10 IU/L) in the participants was
46% (n = 26) at one year, 57% (n = 7) at two years
and 82% (n = 17) at > three years following liver
transplantation. The potential factors relating to HBV
immunity loss after liver transplantation were identified
as anti-HBs (P = 0.002), serum albumin (P = 0.04),
total bilirubin (P = 0.001) and direct bilirubin (P = 0.003)
before liver transplantation. A five-year-old boy with
biliary cirrhosis received 4 doses of HBV vaccine with
an anti-HBs titer of > 1000 IU/L and underwent liver
transplantation; his anti-HBc-negative father was the
donor. After liver transplantation, the boy had stenosis
of the hepatic artery up to the inferior vena cava
anastomosis and underwent venoplasty three times. He
also received subcutaneous injections of enoxaparin for
5 mo and 20 transfusions of blood components. Three
years and ten months after the liver transplantation,
transaminitis was detected with positive tests for
HBsAg, HBeAg, and anti-HBc (2169.61, 1706 and 8.45,
respectively; cutoff value: < 1.00) and an HBV viral
load of 33212320 IU/mL.

Sintusek P, Posuwan N, Wanawongsawad P, Jitraruch S,
Poovorawan Y, Chongsrisawat V. High prevalence of hepatitis
B-antibody loss and a case report of de novo hepatitis B virus
infection in a child after living-donor liver transplantation. World
J Gastroenterol 2018; 24(6): 752-762 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i6/752.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i6.752

INTRODUCTION
Hepatitis B virus (HBV) infection is considered a great
burden worldwide owing to its chronicity and the
increased risk of hepatocellular carcinoma. Moreover,
antiviral therapy might not completely eradicate HBV
[1]
from the human liver . Since the 1980s, primary HBV
immunization has been implemented to reduce HBV
transmission and has shown high efficacy and good
[2,3]
serological correlates for protective immunity . The
rapid and robust response, which usually develops
5-8 d after re-exposure to the HBsAg and peaks after
approximately 14 d, indicates the long-lasting protective
property of the vaccine despite the undetectable anti[4-6]
HBs titer . In contrast, a more rapid decline of antiHBs antibody level has been observed in children post[7,8]
liver transplantation compared to healthy children ,
which corresponds to a loss of protection as de novo
[9-11]
HBV infection was evident in some cases
. This
evidence implied that these immunocompromised
patients might need a higher protective level of anti-HBs
antibody with which to prevent HBV infection following
[11-14]
liver transplantation
.
The assessment of anti-HBs titers is recommended in
[12-14]
patients who have undergone liver transplantation
,
but there is a lack of data regarding an appropriate
schedule for revaccination. Moreover, there is in
sufficient data supporting the disease burden of de
novo hepatitis B infection after liver transplantation,
especially if the liver is from an antiHBc-negative
[9,10]
donor
.
The present study aimed to assess anti-HBs

CONCLUSION
The present study showed that loss of hepatitis B
immunity after liver transplantation is unexpectedly
common. In our case report, despite high levels of antiHBs prior to transplantation, infection occurred at a
time when, unfortunately, the child had lost immunity
to hepatitis B after liver transplantation.
Key words: Hepatitis B vaccine; Liver transplantation;

De novo hepatitis B infection; Anti-HBs antibody;
Immunity

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

Core tip: Despite the completion of hepatitis B
vaccination, loss of hepatitis B immunity in children
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immunity loss in children who received primary vac
cination and also possessed anti-HBs immunity above
the protective level prior to liver transplantation. In
addition, we also present a case of de novo hepatitis B
infection after liver transplantation despite the fact that
the patient had high titers of pre-transplantation antiHBs and received an anti-HBc-negative liver from his
father.

tested concurrent with routine laboratory testing during
the follow-up visit to the transplant clinic. Verbal consent
was obtained from the caregivers. Ethical approval was
granted by the Ethics Committee, Faculty of Medicine,
Chulalongkorn University (IRB number: 614/60).

Statistical analysis

Continuous and categorical data were presented
as mean ± SD/median (range) and proportion or
percentage, respectively. The Mann-Whitney U test
and unpaired t-test were used to compare continuous
data, as appropriate. The Chi-square test was used to
compare categorical data. Analysis of variance (ANOVA)
was used to compare more than 2 continuous variables.
Multiple linear regression was performed to investigate
the influence of significant parameters on the loss of
anti-HBs after liver transplantation. A P-value > 0.05
was regarded as being statistically significant. Data
analyses were performed using SPSS version 24.0.0
(SPSS, Inc., Chicago, IL, United States).

MATERIALS AND METHODS
Recruitment of participants

All children who underwent liver transplantation and
received ≥ 3 doses of hepatitis B vaccine prior to
transplantation between May 2001 and June 2017
were invited to participate in this study. Participants
over 18 years of age at the time of the study and with
no history of anti-HBs or anti-HBs < 10 IU/L before
liver transplantation were excluded. Medical records
were retrospectively reviewed to collate the following
information: (1) demographic data [gender, age, body
weight (BW), height, body mass index (BMI)] and (2)
history of hepatitis B vaccination and booster prior to
liver transplantation. Furthermore, the pediatric endstage liver disease (PELD) score, or the model for endstage liver disease (MELD) score, was calculated in
children aged ≤ 13 years old and > 13 years old at
the time of liver transplantation, respectively, every
3 mo after children were placed on the transplant
waiting list. The current PELD/MELD score at the time
of albumin infusion has not been initiated was used
for data analysis. Laboratory data that might reflect
immune status and disease severity was collated,
including complete blood count, albumin, total bilirubin
(TB), direct bilirubin (DB), immunosuppressant use
and hepatitis B profiles before/after transplantation
(HBsAg, anti-HBs, and anti-HBc). Follow-up time and
donor characteristics were also collated, including
gender; hepatitis B profiles (HBsAg, anti-HBs, and
anti-HBc), and also whether the donor was alive or
cadaveric. Samples were obtained from all participants
who did not undergo hepatitis B profile testing after
transplantation. Nutritional status (BW, height, BMI) and
immunosuppressant use at the same time of hepatitis
B profile testing were also recorded. Participants were
classified into two subgroups: immune and nonimmune. Hepatitis B immunity was defined as when
anti-HBs level > 10 IU/L. De novo hepatitis B infection
was defined as positive HBsAg and HBV DNA serological
tests after liver transplantation despite a negative
test prior to transplantation. A high anti-HBs titer was
defined as when anti-HBs > 1000 IU/L.

RESULTS
Recipient and donor characteristics

Seventy-two children underwent liver transplantation
between May 2001 and June 2017. All children
were negative for HBsAg. Twenty-two cases were
excluded for the following reasons: incomplete antiHBs data (n = 12), anti-HBs < 10 IU/L (n = 8) before
transplantation, and age > 18 years (n = 2). Finally,
50 children were recruited into the present study with
a mean age of 6.67 ± 4.63 years; 54% were female
(Figure 1). The indications for liver transplantation
were biliary atresia (n = 39), Alagille syndrome (n
= 2), progressive familial intrahepatic cholestasis
(PFIC) (n = 2), primary bile acid deficiency (n = 1),
fulminant Wilson’s disease (n = 1), hepatoblastoma
(n = 1), glycogen storage disease (n = 1) and
cryptogenic cirrhosis (n = 3). All children received
primary hepatitis B vaccination at birth and at 1 and
6 mo of age. Twenty-three subjects received one
booster dose 1-2 mo before transplantation. Twentythree subjects had high anti-HBs (> 1000 IU/L)
before liver transplantation. Most subjects received a
living donor liver transplantation from their parents
(n = 44, 88%), while 6 (12%) received a liver from
a cadaveric donor. Children who received an antiHBc-positive liver from the 6 cadaveric donors were
required to take lifelong lamivudine. The severity of
chronic liver disease, or PELD score and MELD score,
were 18.38 ± 8.47 (n = 47) and 15 (range: 11-19;
n = 3), respectively. All children received at least two
immunosuppressants early after transplantation and
only one immunosuppressant subsequently, with the
exception of immunosuppressive agent-withdrawal in
one female patient. This particular patient developed
post-transplantation lymphoproliferative disease

Ethical considerations

Routine history taking and physical examination,
including weight and height measurement, were carried
out by physicians. Anti-HBs, anti-HBc, and HBsAg were

WJG|www.wjgnet.com

754

February 14, 2018|Volume 24|Issue 6|

Sintusek P et al. Hepatitis B-antibody loss after liver transplant
Children undergoing liver transplantation
between May 2001 and June 2017
(n = 72)
22 participants were excluded;
Incomplete anti-HBs data before transplantation (n = 12)
Anti-HBs < 10 IU/L before transplantation (n = 8)
Age > 18 years at the time of anti-HBs assessment after transplantation (n = 2)

Participants in this study (n = 50)

Anti-HBc-positive donors (n = 6)
Anti-HBc-positive recipient (n = 1)

Participants with high anti-HBs (> 1000) (n = 23)

Participants with HBV immunity (n = 20)

Participants with HBV non-immunity (n = 30)

De novo hepatitis B from anti-HBc-negative donor (n = 1)

Figure 1 Algorithm showing our study participants. HBV: Hepatitis B virus.

Comparing participants with HBV immunity and loss of
immunity

(PTLD) and ongoing cholestasis, and is thus awaiting
re-transplantation. The clinical and demographic
characteristics of all participants and donors are shown
in Table 1.

The age at transplantation and the time of anti-HBs
testing after transplantation were lower in participants
with HBV immunity (5.27 ± 3.74 years and 2.09 ±
2.03 years, respectively) than in those with loss of HBV
immunity (7.60 ± 4.98 years and 3.71 ± 4.78 years,
respectively; P = 0.082). No significant differences were
observed in terms of BW, height, and BMI that might
reflect the nutritional status of either of the groups.
In terms of disease severity, participants with HBV
immunity had a lower PELD score (P = 0.086), TB (P =
0.003), DB (P < 0.001), and higher albumin (P = 0.04)
levels. There were no differences in terms of white
blood cell, neutrophil or lymphocyte count before and
in the short- or long-term since liver transplantation.
Even the number of prescribed immunosuppressants
decreased in the long-term after liver transplantation,
and there was no difference between the two groups in
this respect. We further studied the effect of a booster
vaccine before liver transplantation, as twenty-three
patients received the booster vaccine. Of these, 14
(61%) still had HBV immunity while 9 (39%) showed
a loss in HBV immunity. Twenty-seven patients did not
receive the booster vaccine before liver transplantation;
of these, six (22%) still had HBV immunity while 21
(78%) did not. We compared all potential factors
associated with the loss of HBV immunity between
patients who received a booster dose with (n = 14)
and without HBV immunity (n = 9), and there were
no significant differences with respect to any of the
parameters tested (Table 2). One patient who received
a booster dose, and whose anti-HBs was more than
1000 IU/L before liver transplantation, was diagnosed
with de novo hepatitis three years and ten months

Recipient anti-HBs before and after liver transplantation

Anti-HBs titers before and after liver transplantation
were 584.41 ± 415.45 and 58.56 ± 6.40 IU/L,
respectively. Thirty participants (60%) experienced the
loss of HBV immunity after transplantation. The rates of
non-immunity (anti-HBs < 10 IU/L) in the participants
were 46% (n = 26) at one year, 57% (n = 7) at two
years and 82% (n = 17) at > three years following liver
transplantation. The age at liver transplantation and
the time from transplant to anti-HBs testing were 3.06
± 3.97 years and 2.53 ± 2.11 years, respectively. One
patient was diagnosed with de novo hepatitis B infection
three years after liver transplantation.

Nutritional status, disease severity and the immune
status of subjects before and after liver transplantation

After transplantation, the body weight and height,
not including BMI, were increased compared to pretransplant status (P < 0.001). TB, DB, and albumin
levels, which were reflective of disease severity,
improved after liver transplantation in both the shortterm (at 3 mo) and long-term (2.53 ± 2.11 years; P
< 0.001). With respect to immune status, white blood
cell count (P = 0.002), neutrophils (P < 0.001) and
lymphocytes (P = 0.01) were reduced, while platelet
count (P = 0.005) increased after liver transplantation,
in both the short-term (at 3 mo) and long-term
(2.53 ± 2.11 years). The number of prescribed
immunosuppressants decreased in the long-term postliver transplantation (P < 0.001; Table 2).
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Several possible routes of HBV infection after liver
transplantation were investigated. His father and
mother were both tested for HBsAg, anti-HBc, and antiHBs titers and serum HBV viral load; all results were
negative. There were no apparent HBsAg carriers in
the patient’s family. Another strong possibility might be
from blood transfusion, in which the blood component
was partly derived from a recently infected donor.
However, the handling of blood and blood products
in Thailand is extremely safe, as we employ the
universally-accepted nucleic acid amplification test (NAT)
to screen for HBV, hepatitis C virus, and HIV from all
blood donors. All 15 donors who donated blood to this
patient had undergone repeat NAT-based HBV testing
and none had any evidence of HBV occult infection.
The de novo activation of HBV with escape mutations
from hepatitis B surface antibody after living donor
liver transplantation has been documented previously,
however, no vaccine escape mutants were found when
the HBs gene was screened in our patient (Figure 3).

Table 1 Patients’ demographic data and characteristics mean
± SD or n (%)
Characteristics
Age (yr)
Age at liver transplantation (yr)
Gender - female
Before liver transplantation
Anti-HBs level (IU/L)
Anti-HBc positive
After liver transplantation
Anti-HBs level (IU/L)
Length of stay in hospital after transplant (d)
ABO incompatibility
PELD/MELD score
Time since transplantation (yr)
Medical complications
Acute rejection
Cytomegalovirus infection
Posttransplant lymphoproliferative
disorder
De novo hepatitis B infection
De novo food allergy
Surgical complications
Vascular stricture
Biliary stricture
Chylous ascites/chylothorax
Donor characteristics
Gender - female
Cadaveric
Living
Anti-HBs
Negative
Positive
1-9 IU/L
> 10 IU/L
Anti-HBc positive

All participants (n = 50)
6.67 ± 4.63
3.06 ± 3.97
27 (54)
584.41 ± 415.45
1 (2)
58.56 ± 6.40
44.10 ± 29.30
3 (6)
18.38 ± 8.47/15 (11-19)
2.53 ± 2.11
22 (44)
15 (30)
14 (28)
1 (2)
9 (18)
20 (40)
12 (24)
7 (14)

DISCUSSION
Transmission of the HBV core from hepatitis B core
antibody-positive donors was first reported in 1998
[15]
by Uemoto et al . In Uemoto et al’s, HBV existing in
the liver of healthy donors who were hepatitis B core
antibody-positive, but not in the blood, was shown to
be transmitted to recipients by liver grafts following
liver transplantation. Moreover, livers from hepatitis
B core antibody-positive donors exerted influence on
graft survival as this was lower in the recipients of
hepatitis B core antibody-positive tissue compared to
those receiving tissue from hepatitis B core antibodynegative donors, especially among HBsAg-negative
[16]
recipients . As a result, robust strategies have been
developed to prevent viral activation and de novo
hepatitis B infection in recipients receiving liver grafts
from hepatitis B core antibody-positive donors. These
strategies involve passive immunization with hyperimmune hepatitis B immunoglobulin (HBIG), with or
without antiviral agent, or the administration of hepatitis
[17-20]
B vaccine
. In contrast, the prevention of de novo
hepatitis B infection in recipients of tissue from hepatitis
B core antibody-negative donors has generally been
disregarded because evidence to support de novo
hepatitis B infection from the loss of HBV immunity after
[9,10]
liver transplantation is scarce
.
In this study, we report a high prevalence of the loss
of HBV immunity following liver transplantation, and its
association with disease severity and anti-HBs titer levels
before liver transplantation. Our study demonstrated
that 60% of pediatric liver transplant patients who
were previously immunized were non-immune after
their transplants. This was comparable to the 67%
of patients reported in a previous study who also
[8]
showed a loss of immunity . While patients with HBV
immunity had a significantly higher titer of anti-HBs
before liver transplantation than participants showing

22 (44)
6 (12)
44 (88)
13 (26)
30 (60)
7 (14)
6 (12)

PELD: Pediatric end-stage liver disease; MELD: Model for end-stage liver
disease.

after liver transplantation (Table 3).

A patient with de novo hepatitis B

A five-year-old boy with biliary cirrhosis and an
unsuccessful Kasai’s operation underwent liver trans
plantation at 14 mo of age; his anti-HBc-negative
father was the donor. He received 4 doses of HBV
vaccine prior to liver transplantation, and his preexisting anti-HBs antibody titer was > 1000 IU/L. His
parent’s viral profiles were negative for HBV infection
(HBsAg, anti-HBc, and anti-HBs were all negative).
After liver transplantation, he developed stenosis at
the hepatic artery leading to the inferior vena cava
anastomosis and underwent venoplasty with balloon
dilatation three times. Furthermore, he was given
subcutaneous enoxaparin injections every 12 h for 5 mo
and transfused 20 times with blood components. Three
years and ten months after the liver transplantation,
transaminitis was detected, with positive tests for
HBsAg, HBeAg, and anti-HBc (2169.61, 1706, and 8.45,
respectively; cutoff value: < 1.00), and an HBV viral
load of 33212320 IU/mL. The timeline of this patient is
shown in Figure 2.
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Twenty blood component transfusion from October 1, 2012 to September 6, 2013
Liver transplantation
on October 1, 2012

Enoxaparin injection subcutaneously
from December 24, 2012 to May 15, 2013

Timeline

AntiHBs > 1000 IU/L
on September 17, 2012

De novo hepatitis B infection was diagnosed

Venoplasty with balloon dilatation

with serum HBV viral load of 33212320 IU/mL

Figure 2 Timeline of the case report from pre-liver transplantation to diagnosis of HBV infection. HBV: Hepatitis B virus.
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Figure 3 Amino acid sequence of “a” determinant of the HBs gene (position 110-160) showing no significant escape mutants in common regions (T126S/N,
Q129H, D144A, and G145R).

Table 2 Nutritional and laboratory results of pre and post liver transplantation mean ± SD or n (%)
Pre-transplantation
Body weight (kg)
Height (meter)
BMI (kg/m2)
Complete blood count
White blood cell (/μL)
Neutrophil (/μL)
Lymphocyte (/μL)
Platelet (/μL)
Liver function test
Total bilirubin(mg/dL)
Direct bilirubin (mg/dL)
Albumin (g/dL)
Number of immunosuppressant
0
1
2
3

11.66± 8.01
0.81 ± 0.23
16.59 ± 1.67

Post-transplantation
Short-term (3 mo)
Long-term
21.32 ± 12.07
1.07 ± 0.28
16.63 ± 2.71

P value
< 0.001
< 0.001
0.76

10492 ± 4627
4938 ± 2565
4263 ± 2222
172880 ± 94557

8559 ± 2495
3385 ± 1679
3982 ± 1722
199720 ± 82777

7729 ± 3843
3418 ± 1912
3109 ± 1762
233957 ± 94136

0.002
< 0.001
0.01
0.005

18.50 ± 12.68
13.41 ± 10.28
3.29 ± 0.97

2.41 ± 0.91
0.83 ± 0.71
3.94 ± 0.48

0.84 ± 0.91
0.38 ± 0.51
4.08 ± 0.35

< 0.001
< 0.001
< 0.001

0
5 (10)
23 (46)
22 (44)

1 (2)
27 (54)
17 (34)
5 (10)

< 0.001

BMI: Body mass index.

a loss of HBV immunity after liver transplantation, a
higher titer of anti-HBs before liver transplantation
cannot guarantee protective HBV immunity following
liver transplantation, as evidenced by the case report
described in the present study. This finding contrasts
[9]
with a previous study by Su et al who reported that an
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anti-HBs titer of > 200 IU/L before liver transplantation
might be sufficient to prevent de novo HBV infection
in an HBsAg-negative recipient. One possible cause
of HBV infection in our patient is that the loss of HBV
immunity could have occurred after liver transplantation
at a time when the patient was most likely exposed
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Table 3 Potential factors associated with immunity in participants with HBV immunity and immunity loss mean ± SD or n (%)

Age (yr)
Age at liver transplantation (yr)
Gender:Female
Body weight (kg)
Height (m)
Body mass index (kg/m2)
Anti-HBs level before transplantation (IU/L)
Length of hospital stay after transplantation (d)
PELD/MELD score
Time since transplant to anti-HBs testing (yr)
Donor characteristics
Gender: Female
Living
Medical complication
Acute rejection
CMV infection
PTLD
De novo hepatitis B
De novo food allergy
Surgical complication
Vascular stricture
Biliary stricture
Chylous ascites/chylothorax
Laboratory data before transplantation
White blood cell (/µL)
Neutrophil (/µL)
Lymphocyte (/µL)
Platelet (/µL)
Total bilirubin (mg/dL)
Direct bilirubin (mg/dL)
Albumin (g/dL)
Laboratory data 3 mo after transplantation
White blood cell (/µL)
Neutrophil (/µL)
Lymphocyte (/µL)
Platelet (/µL)
Albumin (g/dL)
Total bilirubin (mg/dL)
Direct bilirubin (mg/dL)
Laboratory data after long-term transplantation
White blood cell (/µL)
Neutrophil (/µL)
Lymphocyte (/µL)
Platelet (/µL)
Albumin (g/dL)
Total bilirubin (mg/dL)
Direct bilirubin (mg/dL)
Immunosuppressant 3 mo after transplantation
None
1
2
3
Immunosuppressant after long-term liver transplantation
None
1
2
3

Nonimmunity (n = 30)

Immunity (n = 20)

P value

7.60 ± 4.98
3.71 ± 4.78
15 (50)
13.07 ± 9.91
0.85 ± 0.28
16.45 ± 1.62
441.39 ± 408.88
47.77 ± 34.89
20.19 ± 8.50 (n = 28)
2.83 ± 2.00

5.27 ± 3.74
2.09 ± 2.03
12 (60)
9.56 ± 2.74
0.75 ± 0.12
16.45 ± 1.62
798.94 ± 330.47
38.80 ± 17.45
15.90 ± 7.98 (n = 19)
2.06 ± 2.22

0.08
0.11
0.58
0.07
0.09
0.47
0.24
0.24
0.09
0.22

14 (47)
26 (87)

8 (40)
18 (90)

0.43
0.54

11 (37)
6 (20)
7 (23)
1 (3)
5 (16)

11 (55)
9 (45)
7 (35)
0 (0)
4 (20)

0.16
0.11
0.28
0.65
0.52

13 (43)
8 (27)
5 (17)

7 (35)
4 (20)
2 (10)

0.39
0.46
0.41

10237 ± 4167
4780 ± 2137
4372 ± 2515
159366 ± 99431
22.80 ± 13.72
16.51 ± 11.37
3.07 ± 0.65

10875 ± 5334
5174 ± 3145
4100 ± 1742
193156 ± 85132
12.04 ± 7.37
8.73 ± 6.08
3.63 ± 1.25

0.63
0.60
0.65
0.22
0.003
0.001
0.04

8312 ± 2596
3221 ± 1307
3879 ± 1851
193300 ± 86221
3.96 ± 0.51
0.99 ± 1.12
0.37 ± 0.15

8931 ± 3440
3630 ± 2136
4136 ± 1542
208600 ± 78591
3.91 ± 0.44
0.59 ± 0.35
0.32 ± 0.17

0.64
0.45
0.61
0.53
0.72
0.07
0.12

7114 ± 2845
3196 ± 1412
3039 ± 1553
217033 ± 87395
4.12 ± 0.35
0.98 ± 1.10
0.45 ± 0.62

8815 ± 5083
3809 ± 2576
3232 ± 2128
263823 ± 100739
4.00 ± 0.35
1.10 ± 0.31
0.25 ± 0.13

0.22
0.38
0.72
0.12
0.26
0.08
0.20

0
3 (10)
16 ((53)
11 (37)

0
2 (10)
7 (35)
11 (50)

1 (3)
17 (56)
9 (30)
3 (10)

0
10 (50)
8 (40)
2 (10)

0.41

0.77

PELD: Pediatric end-stage liver disease; MELD: Model for end-stage liver disease; PTLD: Post-transplantation lymphoproliferative disease.

titer level above the protective threshold and therefore
[10]
prevent de novo hepatitis B. Lin et al
recommended
maintaining a high level of anti-HBs (> 1000 IU/L),
which may prevent de novo HBV infection in pediatric
patients undergoing liver transplantation who had

to HBV. Our data also showed a rapid reduction in the
level of anti-HBs after liver transplantation with titers
below the protective threshold. Regular assessment of
anti-HBs, and revaccination after liver transplantation,
should therefore be considered to maintain the anti-HBs
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efficient primary vaccination. A booster vaccine appears
to be the most simple and effective regimen with
which to maintain high titers of anti-HBs. However, this
previous study reported that patients had to receive
1-19 injections, within a period of 4-42 mo after liver
[10]
transplantation to maintain adequate titers . Potential
factors for the rapid loss of anti-HBs loss should
therefore be considered in order to avoid patients
undergoing multiple injections.
In the present study, anti-HBs level, cholestasis,
and low albumin levels before liver transplantation were
identified to be significant factors contributing to the
loss of immunity after liver transplantation. Contrast to a
previous study that found statistical significance in terms
[8]
of age or time since liver transplantation instead . AntiHBs level before liver transplantation may represent
one of the main factors with which to predict the loss of
anti-HBs after liver transplantation; age and time since
liver transplantation should not be relied upon. Although
the hepatitis B vaccine is highly immunogenic and very
effective, there is a gradual reduction of anti-HBs titer to
below the protective threshold after one or two decades
[21,22]
of life, even in healthy individuals
. In children with
chronic liver diseases, anti-HBs immunity decreases
more rapidly than in healthy children, as demonstrated
in the present study; indeed, at least 8 of the 72
children on the waiting list for liver transplantation in our
institution had anti-HBs < 10 IU/L and were excluded
from the present study. In a previous study, Leung et
[8]
al stated that a major limitation of their study was that
they could not definitively state whether the loss of HBV
immunity in their study was due to a loss of immunity
before or after transplantation. We believe that the
present study has addressed this shortfall by focusing
on anti-HBs level before liver transplantation and then
divided patients into high- and low-titer groups. A
booster vaccine before liver transplantation is necessary
in order to maintain a higher titer of anti-HBs in children
following liver transplantation. However, the cutoff
for a protective anti-HBs level that is more than 10
IU/L after vaccination might not be enough to protect
[23]
these vulnerable patients from HBV , owing to the
rapid decline of anti-HBs over time. Further functional
cellular studies are now required to address the most
appropriate cutoff level for the protective threshold of
anti-HBs in children following liver transplantation.
However, it is not just strategies to delay HBV
immunity loss that are needed; we also need to develop
methods to re-establish active immunity against
[20]
HBV after liver transplantation. Lu et al
reported
the improved feasibility of vaccination combined
with nucleoside analogues in the prevention of HBV
reinfection after orthotopic liver transplantation
compared to regular HBIG administration. In this
previous study, long-term and repetitive vaccine
stimulation was shown to be an important method
with which to create and cultivate an enhanced
immune response in these immunocompromised
patients. Similar to this study, a few pediatric studies
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have reported the use of intermittent vaccination
reinforcement, or booster vaccination, to maintain
spontaneous anti-HBs production in children after liver
[10,24,25]
[25]
transplantation
. For example, Ni
studied both
the humoral and cellular immunity of booster hepatitis
B vaccines in children after liver transplantation and
demonstrated that the immunological response
following a booster dose appeared to be adequate, at
least over the short term (2 mo assessment period).
[26]
However, Bauer et al
conducted a pilot study of
cellular immune response investigating HBsAg-specific T
and B cells in adults after liver transplantation compared
with controls and highlighted the role of the strong
inhibitory effect of regulatory T cells upon immunological
response after hepatitis B revaccination over a period of
long term assessment (> one year). The best rationale
for HBV revaccination in liver transplantation patients
has yet to be elucidated. Future studies are required to
identify an appropriate HBV immunization protocol for
children after liver transplantation which will effectively
re-establish both cellular and humoral immunities to
HBV.
Other predictive parameters responsible for rapid
anti-HBs loss are cholestasis and low albumin levels.
Low albumin levels might reflect the poor synthetic
function of the liver, or severe malnutrition, or both. A
previous study confirmed that albumin infusion could
restore the immunological function of patients with
decompensated cirrhosis by increasing circulating
PGE2, a potent immunomodulator, both in vitro and
[27-29]
[8]
in vivo
. However, a study by Leung et al , and
this present study, could not demonstrate a significant
difference in terms of disease severity when comparing
PELD score between patients in immune and nonimmune groups. While the mean PELD score in Leung
[8]
et al’s study was higher than the present study,
the mean serum albumin level, which is one of the
parameters used to calculate the PELD score, was in the
[8]
upper normal level in Leung et al’s study compared to
the low albumin level in the present study. This upper
normal level of serum albumin might imply that the
subjects involved in this previous study had already
received albumin infusion at the time of data collection.
In the present study, we evaluated the PELD score
every three months from when the patients joined
the waiting list for transplantation and chose the most
recent PELD score, at which point, albumin infusion
had not been initiated. One limitation of our method
is that our PELD score might be lower than the actual
PELD score prior to liver transplantation; however, we
obtained actual serum albumin data for analysis and
that might be why our data showed lower PELD scores,
with significantly low albumin levels in patients with
[8]
anti-HBs loss, than the data reported by Leung et al .
As a result, while waiting for liver transplantation,
albumin infusion is an effective treatment option to
treat not only hepatorenal syndrome and spontaneous
bacterial peritonitis, but also gain better immunity; this
practice represents common practice for most chronic
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liver diseases in children.
In the present study, we were unable to de
monstrate a significant effect of nutritional status upon
anti-HBs immunity after liver transplantation. In our
transplant unit, children were not routinely tested for
lipid soluble vitamins A, D, and E. Furthermore, body
weight and BMI are not the best parameters to perform
nutritional assessment, as some children suffered from
edema and huge abdominal distension as a result
of ascites. Moreover, the immunosuppressants and
complications after liver transplantation were not shown
to be significantly associated with the loss of antiHBs; in this respect, our study was consistent with
[8]
Leung et al .
Our study has some limitations which need to be
considered, particularly the low number of participants,
inadequate data reflect the nutritional status, and
the heterogeneity of immunosuppressant-use among
patients. A larger, well-designed, multicenter study, using
the same protocol of care after liver transplantation, is
now needed to validate our present results.
In summary, significant loss of anti-HBs after liver
transplantation is unexpectedly common. An antiHBs level above 1000 IU/L before liver transplantation
cannot prevent de novo hepatitis B. Boosters or a fullseries vaccination is required for children after liver
transplantation, concurrent with close monitoring of
anti-HBs level. Further studies should aim to identify
the best rationale for a HBV re-immunization program
based upon strong clinical evidence. The potential
factors that can affect anti-HBs levels, and which can be
modulated prior to liver transplantation and therefore
delay the rapid loss of anti-HBs include booster hepatitis
B vaccines and the early administration of albumin.

Research objectives

Regular assessment of anti-HBs and revaccination after liver transplantation
to maintain an anti-HBs titer level above the protective threshold should be
considered to prevent de novo hepatitis B. Further studies should aim to identify
the best rationale for a reimmunization program to effectively re-establish active
immunity to HBV.

Research methods

The authors enrolled a total of 50 children who had undergone liver
transplantation between May 2001 and June 2017. Demographic data, types
of donor and liver transplant, anti-HBs level, time since liver transplantation,
complications and immunosuppressant-use were collated and analyzed
using SPSS version 24.0.0 software. To this end, the authors reported
an observational study of a five-year-old boy who had received full HBV
vaccination previously, underwent liver transplantation with his father’s antiHBc-negative liver, but was then diagnosed with de novo hepatitis B three years
after transplantation.

Research results

The authors found that the loss of hepatitis B immunity after liver transplantation
was unexpectedly common and that 60% of subjects had an anti-HBs level <
10 IU/L after a mean period of 2.53 years after transplantation. The potential
factors relating to the loss of HBV immunity were anti-HBs (P = 0.002), serum
albumin (P = 0.04), total bilirubin (P = 0.001) and direct bilirubin (P = 0.003)
prior to liver transplantation. We also report a case of de novo hepatitis B, who
received a hepatitis B core antibody-negative liver from his father, and had
a high titer of anti-HBs (> 1000 IU/L) prior to transplantation. Future studies
should aim to develop strategies to re-establish active immunity to HBV after
liver transplantation.

Research conclusions

The new findings of this study are the high prevalence of hepatitis B immunity
loss, and a case report of de novo hepatitis B, in a previously immunized
recipient who received a liver from a hepatitis B core antibody-negative donor.
De novo hepatitis B in a previously immunized recipient who received a liver
from a hepatitis B core antibody-negative donor, could have been initiated
when exposed to HBV during the period following transplantation coincident
with the loss of HBV immunity. High anti-HBs loss after liver transplantation is
unexpectedly common. High anti-HBs (> 1000 IU/L) prior to liver transplantation
cannot prevent de novo hepatitis. Serum anti-HBs, albumin, total bilirubin and
direct bilirubin prior to liver transplantation were the potential factors associated
with the loss of HBV immunity after liver transplantation. Anti-HBs levels below
the protective level in children after liver transplantation might reflect the loss of
immunity or the loss of protection against HBV. A re-immunization program for
all liver-transplanted children in order to prevent de novo hepatitis B. Disease
severity, nutritional status, immune status and HBV immunity as a result of HBV
immunization might represent potential factors to consider for re-establishing
active HBV immunity following liver transplantation. De novo hepatitis B could
have occurred after liver transplantation at a point when the recipient was likely
to have been exposed to HBV.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

A more rapid decline of anti-HBs antibody was observed in children after
liver transplantation compared to healthy children who had been previously
immunized. The loss of anti-HBs might not indicate a loss of hepatitis B virus
(HBV) immunity in healthy subjects. However, viral reactivation and de novo
hepatitis B infection were clearly demonstrated in an HBsAg-negative recipient
who received a liver from hepatitis B core antibody-positive or negative donors,
suggesting the loss of HBV protection in such immunocompromised subjects.
The present study provided strong evidence of HBV immunity loss in 60%
of children after liver transplantation and one case of de novo hepatitis B
infection. This was despite a high titer of anti-HBs prior to transplantation and
the receipt of a hepatitis B core-negative liver. The present study highlighted
the importance of developing strategies to re-establish active immunity to HBV
following liver transplantation.

Research perspectives

Re-assessment of anti-HBs levels and vaccination to maintain levels of antiHBs above the protective level might prevent de novo hepatitis B after liver
transplantation. Studying the immunological response of HBsAg-specific T
and B cells following HBV exposure in order to establish an appropriate cutoff
for the protective level of anti-HBs to prevent HBV infection in children after
liver transplantation will be merit. Moreover, setting up an appropriate HBV
immunization protocol to re-establish active HBV immunity by assessing cellular
and humoral immunity response after HBV immunization protocols over shortand long-term follow-up periods also should be considered.

Research motivation

HBV infection in patients after liver transplantation can lead to chronic hepatitis,
shorter graft survival and graft loss. However, a routine strategy for HBV
reimmunization after liver transplantation, and an appropriate cutoff for the
prevention of de novo hepatitis B infection, have yet to be elucidated. This study
demonstrated a decline of anti-HBs level after liver transplantation and provided
valuable data relating to the factors which can affect the rapid loss of anti-HBs
and which can be modulated before liver transplantation in order to delay rapid
anti-HBs loss. Such factors include booster hepatitis B vaccines and the early
administration of albumin. A revaccination program is recommended for children
after liver transplantation in order to re-establish active immunity to HBV.
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Abstract
Nowadays acute gastroenteritis infection caused
by Escherichia coli (E. coli ) O157:H7 is frequently
associated with hemolytic uremic syndrome (HUS),
which usually developed after prodromal diarrhea that
is often bloody. The abdominal pain accompanied by
failure kidney is a suspicious symptom to develop this
disorder. Their pathological characteristic is vascular
damage which manifested as arteriolar and capillary
thrombosis with abnormalities in the endothelium and
vessel walls. The major etiological agent of HUS is
enterohemorragic (E coli ) strain belonging to serotype
O157:H7. The lack of papers about HUS associated to
gastroenteritis lead us to report this case for explain
the symptoms that are uncommon. Furthermore, this
report provides some strategies to suspect and make
an early diagnosis, besides treatment approach to
improving outcomes and prognosis for patients with
this disorder.
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Core tip: Bloody diarrhea and Hemolytic uremic syn
drome are frequent caused by E. coli serotype O157:
H7. The most causes of gastroenteritis are diagnosed as
non-infectious illness and this could be the reason that
clinicians did not usually associated with the hemolytic
uremic syndrome development. This case report not
only represents the importance of the diagnosis and the
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treatment approach, but also is one of the few studies
where it is emphasized the gastrointestinal role and the
critical symptoms that the clinical has to recognize it.

plasmaphereses during the 13 d after admission.
Hematological tests showed a slight increase in her
erythrocyte count, so she did not need erythrocyte
transfusion until the sixth day of her hospital stay.
Altogether, she required three transfusions of packed
cells.
Finally, the patient showed slow improvement in
her renal function, recovering diuresis after 3 wk. She
3
was discharged with a platelet count of 213 × 10 /µL.

Chinchilla-López P, Cruz-Ramón V, Ramírez-Pérez O, MéndezSánchez N. Gastroenteritis in an adult female revealing hemolytic
uremic syndrome: Case report. World J Gastroenterol 2018;
24(6): 763-766 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i6/763.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i6.763

DISCUSSION
TTP and HUS have been considered rare diseases with
high mortality. They continue to be rare in adults,
although we have seen them more frequently than in
the past. The prevalence of TTP is around 30%-40%,
whereas HUS rate is approximately 4%-10%; their
[2]
mortality ranges around 90% and 15%, respectively .
The most important reason that our patient had a
positive outcome was that we never excluded HUS as
a possible diagnosis. The unusual features that led us
to the diagnosis were the bloody diarrhea, abdominal
and diffuse pain evolving over 5 d after eating high-fat
food, and the abnormal blood test results, specifically
the presence of hemolytic anemia and acute kidney
[3]
failure .
[4]
Karpac et al reported that the most common
symptom associated with typical HUS is diarrhea;
however, the majority of gastrointestinal diseases can
cause this. In addition, the bloody diarrhea is often
caused by Campylobacter, E. coli O157:H7, and other
Shiga toxin-producing E. coli, Salmonella, Shigella,
and Yersinia; however, E. coli O157:H7 is the most
important pathogen, which usually causes abdominal
tenderness, more than 5 watery stools in the last
24 h, and especially bloody diarrhea that frequently
[5]
[6]
persists during first 8 h . Incidentally, Kuehne et al
demonstrated that the true STEC gastroenteritis
incidence in a computed estimate was 32.3-fold higher
than the incidence based on notified HUS cases.
[7]
In addition, Pedersen et al showed that the
incidence rate per 100000 persons of STEC infections
was highest in children < 5 years of age (32.17) and in
adults ≥ 65 years of age (11.64) compared to 15-64
years old population (7.89).
Regarding to the first symptoms of our patient, the
appearance of ecchymoses and petechiae, besides the
sudden decrease in platelets and the increase in serum
creatinine confirmed our diagnosis of microangiopathy.
As indicated in the guidelines for management
of microangiopathies, our first-line therapy was
[2]
plasma exchange combined with hemodialysis and
aggressive antibiotic therapy because ESBL-producing
E. coli was detected in blood cultures. However, at that
time we could not differentiate between HUS and TTP.
Later, the normal levels of ADAMTS 13 protease led us
[8]
to the definitive diagnosis of HUS .
Differentiation of HUS and TTP remains complex.

INTRODUCTION
Thrombotic thrombocytic purpura (TTP) and he
molytic-uremic syndrome (HUS) are acute fulminant
disorders characterized by thrombocytopenia and
microangiopathic hemolytic anemia. Gastroenteritis
is recognized as a precursor of the HUS, which is
often accompanied by pain abdominal, vomiting and
bloody stools. Other specific symptoms to establish the
[1]
diagnosis are kidney failure and cognitive impairment .

CASE REPORT
A 61-year-old woman with a history of hypertension,
osteoarthritis and irritable bowel syndrome presented
to the emergency department (ED) after 5 d of
bloody diarrhea without mucus, after eating high-fat
food. Her vital signs upon arrival in ED were within
normal limits. Physical examination revealed diffuse
abdominal tenderness on deep palpation without signs
of peritonitis, spasms in the upper extremities, and
muscle weakness.
The results of laboratory testing were: hemoglobin,
3
12.3 g/dL; platelet count, 250 × 10 /µL; serum
creatinine, 0.76 mg/dL; serum sodium, 133 mmol/L;
serum potassium, 3.04 mmol/L; serum calcium, 6.2
mmol/L; and serum magnesium, 0.54 mmol/L. She
was diagnosed with hydroelectric disequilibrium as
a consequence of diarrheic syndrome and admitted
for immediate treatment of hypocalcemia with fluids
and electrolytes via central venous access; in addition
intravenous antibiotic therapy with ertapenem was
begun because culture showed the presence of
extended-spectrum beta-lactamase (ESBL)-producing
E. coli. Despite aggressive antibiotic therapy, she
continued to clinically deteriorate with petechiae and
ecchymoses appearing on her lower legs and her
biochemical profile did not improve (Table 1). At that
point, the results of blood tests were: hemoglobin, 9.8
3
g/dL; platelet count, 11 × 10 ; serum creatinine, 3.5
mg/dL; and lactate dehydrogenase, 3182 units/mL.
She was diagnosed with microangiopathic hemolytic
anemia. Her uremia required immediate hemodialysis
after the insertion of a Mahurkar catheter. Overall,
she required seven hemodialysis sessions and seven
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Table 1 Biochemistry Test evolution of patient with gastroenteritis linked to hemolytic uremic syndrome
Test
Hemoglobin
Platelets
Leukocytes
Neutrophils
Lymphocytes
Blood urea nitrogen
Urea
Creatinine
Sodium
Potassium
Calcium
Magnesium
Partial thromboplastin time
Fibrinogen
D-dimer
Alanine aminotransferase
Aspartate aminotransferase
Dehydrogenase lactic
Albumin

Initial evaluation

Middle evaluation

Final evaluation

12.3 g/dL (13-17 g/dL)
250 × 103/μL (150-450 × 103/µL)
7.9 × 103/μL (4.5-11 × 103/µL)
84.3 % (40%-75%)
10.7% (12%-46%)
4.9 mg/dL (8.0-20 mg/dL)
10.5 mg/dL (17.1-42.8 mg/dL)
0.76 mg/dL (0.44-1.03 md/dL)
133 mmol/L (136-144 mmol/L)
3.04 mmol/L (3.60-5.10 mmol/L)
6.7 mg/dL (8.9-10.3 mmol/dL)
0.52 mg/dL (1.80-2.50 mg/dL)
31.9 s (24.8-31.8 s)
249 mg/dL (177-410 mg/dL)
4620 ng/mL (0-199 ng/mL)
48 U/L (14-54 U/L)
251 U/L (15-41 U/L)
3182 U/L (98-192 U/L)
4.0 g/dL (3.5-4.8 g/dL)

6.8 g/dL
37 × 103/μL
6.6 × 103/μL
75%
14%
70.4 mg/dL
150.7 mg/dL
6.24 mg/dL
129 mmol/L
2.95 mmol/L
6.9 mg/dL
2.03 mg/dL
29.4 s
223 mg/dL
2520 ng/mL
37 U/L
121 U/L
1781 U/L
2.5 g/dL

9.7 g/dL
213 × 103/μL
5.3 × 103/μL
88%
8.00%
59.5 mg/dL
127.3 mg/dL
1.97 mg/dL
139 mmol/L
4.27 mmol/L
8.5 mg/dL
1.41 mg/dL
25.3 s
221 mg/dL
321 ng/ mL
20 U/L
35 U/L
314 U/L
3.5 g/dL

blood transfusion when hemoglobin drops to 6 mg/dL,
therefore, our patient required three transfusions of
packed cells. Thirdly, patient needed antihypertensive
therapy because patients with HUS develop arterial
hypertension caused by an overexpansion of the
intravascular volume and/or ischemia-induced
[12]
activation of the renin–angiotensin system . Finally,
management with low-molecular-weight heparin was
necessary to prevent a thrombotic event.
In summary, our patient presented typical clinical
features of HUS. This is an uncommon disease in
adults, which has a relatively good prognosis with low
mortality. The gastroenterologist may encounter the
HUS as it presents with primarily intestinal symptoms
or may assist in the management of the abdominal
complications. Anticipation of the broad clinical scope of
the HUS is essential for the optimal management of this
serious entity.
After contaminated food is ingested, the Shiga toxin
(Figure 1) is released into the blood circulation, which
leads to damage of the intestinal mucosa and the renal
endothelium. Damaged renal endothelial cells promote
a prothrombin state with an increase in platelet
[13]
adhesion and formation of microthrombi . Clinicians
should consider E. coli O157:H7 when evaluating
patients with diarrhea, especially those with a history of
bloody diarrhea, and should be aware that patients with
E. coli O157:H7 infection can get a wrong diagnosis
with a non-infectious disease. Afterwards, that is the
reason why it is necessary to perform culture stools
for E coli 0157:H7 since may lead to early recognition
of outbreaks and to implement public health control
measures. Definitely, surveillance on the organism
is needed to define more clearly the clinical illness,
populations at risk of infection and risks and benefits of
treatment methods.

Subunit A

Subunit B

Figure 1 Tridimensional structure of Shiga toxin. Shiga toxins are a family
of related toxins with two major groups, Stx1 and Stx2, expressed by genes
considered to be part of the genome of lambdoidprophages. The most common
sources for Shiga toxin are the bacteria S. dysenteriae and the shigatoxigenic
serotypes of Escherichia coli, which includes serotypes O157:H7, O104:H4,
and other enterohemorrhagic E. coli.
[9]

Acute renal failure is usually more severe in HUS ,
while TTP more frequently results in damage to the
[5,8]
central nervous system. Moake
reported that
systemic aggregation of platelets, especially in the
central nervous system, usually indicates TTP because
platelet aggregation in HUS is predominantly confined
[8]
to the renal circulation . In relation to ADMTS 13, a
protein responsible for cleaving Von Willebrand factor,
our patient had normal levels and this was another
characteristic that assisted our diagnosis.
The key features of HUS treatment are firstly, fluid
therapy with isotonic solutions to avoid the occurrence
[10]
of oliguria, anuria, and the requirement for dialysis .
In our patient, diuresis was less than 0.5 mL/kg/h
for more than 12 h, meaning that hemodialysis was
[11]
necessary . Secondly, the guidelines recommend
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ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS

2

Case characteristics

A 61-year-old woman, with hypertension, osteoarthritis and irritable bowel
syndrome, presented to emergency department after 5 d of bloody diarrhea
without mucus.

Clinical diagnosis

3

The diagnosis of hemolytic uremic syndrome (HUS) was based on the presence
of diarrheal prodrome, thrombocytopenia and the development of acute renal
failure.

4

Differential diagnosis

Thrombotic thrombocytic purpura and other causes of thrombocytopenia.

Laboratory diagnosis

5

Moderate hydroelectrolytic disequilibrium, thrombocytopenia and
microangiopathic hemolytic anemia.

6

Pathological diagnosis

The culture showed the presence of E. coli producing extended-spectrum
β-lactamases.

Treatment

7

Fluid and electrolyte replacement, plasma exchange, hemodialysis and
intravenous antibiotic therapy with ertapenem.

Related reports

HUS associated to gastroenteritis is a rare event in adults due to very few
cases had been detected. However, this disorder has high mortality but good
prognosis when it is diagnosed in early stages. The treatment should be based
on syndromic approach according to guidelines.

8
9

Term explanation

10

Experiences and lessons

11

ADAMTS13 - a disintegrin-like metalloproteinase with thrombospondin motif
type 1 member 13 - cleaves Von Willebrand factor anchored on the endothelial
surface, in circulation, and at the sites of vascular injury.

The gastroenterologist may encounter the HUS as it presents with primarily
intestinal symptoms or may assist in the management of the abdominal
complications. Anticipation of the broad clinical scope of the HUS is essential
for the optimal management of this serious entity.

12
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Abstract
Diseases of the liver and biliary tree have been
described with significant frequency among patients
with human immunodeficiency virus (HIV), and its
advanced state, acquired immunodeficiency syndrome
(AIDS). Through a variety of mechanisms, HIV/AIDS
has been shown to affect the hepatic parenchyma
and biliary tree, leading to liver inflammation and
biliary strictures. One of the potential hepatobiliary
complications of this viral infection is AIDS cholang
iopathy, a syndrome of biliary obstruction and liver
damage due to infection-related strictures of the
biliary tract. AIDS cholangiopathy is highly associated
with opportunistic infections and advanced immuno
suppression in AIDS patients, and due to the increased
availability of highly active antiretroviral therapy, is
now primarily seen in instances of poor access to antiretroviral therapy and medication non-compliance.
While current published literature describes well the
clinical, biochemical, and endoscopic management
of AIDS-related cholangiopathy, information on its
epidemiology, natural history, and pathology are not
as well defined. The objective of this review is to
summarize the available literature on AIDS cholangio
pathy, emphasizing its epidemiology, course of disease,
and determinants, while also revealing an updated
approach for its evaluation and management.
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B and C infections. Mechanisms by which HIV exerts
its effect on hepatocytes include but are not limited
to: oxidative stress secondary to mitochondrial injury,
lipotoxicity, immune-mediated cell damage, accu
mulation of toxic metabolites within hepatocytes,
and translocation of gut microbiota causing systemic
inflammation, senescence, and nodular regenerative
[7]
hyperplasia .
Liver diseases in HIV are generally classified
into three main categories. The first group consists
of diseases associated with immunosuppression,
including AIDS cholangiopathy, acalculous cholecystitis,
AIDS-related neoplasms (non-Hodgkin lymphoma and
Kaposi sarcoma), and vanishing bile duct syndrome.
The next set relates to drug-induced hepatotoxicity
secondary to HAART. The last category involves
worsening of co-infection with hepatitis B and C
viruses, encompassing accelerated liver damage and
progression of fibrosis. In addition, patient with HIV/
AIDS are at increased risk of non-alcoholic fatty liver
[8]
disease and nodular regenerative hyperplasia .
AIDS cholangiopathy is a well-documented biliary
syndrome in severely immunocompromised AIDS
[9]
patients . It occurs when strictures in the biliary
tract develop due to opportunistic infections, leading
[10]
to biliary obstruction and cholestatic liver damage .
The condition was first recognized in 1983 by Pitlik
[11]
[12]
et al and Guarda et al among immunocompromised
humans. Following these reports, investigations of right
upper quadrant pain and elevated liver enzymes in
severely immunocompromised AIDS patients revealed
several opportunistic pathogens, implicating the pa
[13]
thogenesis of AIDS cholangiopathy . Furthermore,
[14]
Schneiderman et al
published a case series in 1987
highlighting the endoscopic appearance of papillary
stenosis involving the intrahepatic and extrahepatic
biliary tree and associated with sclerosing cholangitis. In
1989, Cello identified four patterns of cholangiographic
features resembling primary sclerosing cholangitis
(PSC), including papillary stenosis, long extrahepatic
strictures, acalculous cholecystitis, and intrahepatic and
[15]
extrahepatic sclerosing lesions .
Several case series and reviews are published
highlighting the clinical, biochemical, and endoscopic
management of AIDS-related cholangiopathy. Still, little
is known about its epidemiology and natural history, as
well as the determinants of its pathology in developed
and developing countries. In this review article, we
will focus on the epidemiology, determinants, and
management of AIDS related cholangiopathy.

Core tip: Though a declining phenomenon in the
Western world, acquired immunodeficiency syndrome
(AIDS)-related cholangiopathy has been shown to
cause significant burden and remains an important
etiology of hepatobiliary pathology in those affected
with human immunodeficiency virus (HIV). While it
is linked to advanced immunosuppression in AIDS
patients, particularly in those with extremely low CD4
counts and opportunistic infections, as well as those
with drug-resistant HIV infection, it is also seen in
developing countries due to less available anti-retroviral
therapy, decreased awareness, and medication noncompliance.
Naseer M, Dailey FE, Juboori AA, Samiullah S, Tahan V.
Epidemiology, determinants, and management of AIDS
cholangiopathy: A review. World J Gastroenterol 2018;
24(7): 767-774 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i7/767.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i7.767

INTRODUCTION
Human immunodeficiency virus (HIV) is a global
pandemic and it has been estimated that 37 million
people are infected with it worldwide. Acquired im
munodeficiency syndrome (AIDS) is associated with
high morbidity and mortality due to increased risk of
[1]
opportunistic infections and malignancy . However,
there has been significant decline in morbidity and
mortality associated with HIV/AIDS with the advent
[2]
of highly active antiretroviral therapy (HAART) . In
December of 2013, UNAIDS (Joint United Nations
Programme on HIV/AIDS) proposed new targets
for HIV treatment scale-up i.e., by 2020, 90% of all
people living with HIV will know their HIV status,
90% of all people with diagnosed HIV infection will
receive sustained antiretroviral therapy and 90% of all
people receiving antiretroviral therapy will have viral
[3]
suppression for effective control of HIV .
HIV affects the hepatic parenchyma and biliary
tree, leading to liver inflammation and biliary strictures.
According to observational cohort studies published
by the D.A.D. study group (Data collection on Adverse
[4]
Events of Anti-HIV drugs) and Palella et al , deaths
in HIV infection due to liver disease are on the rise;
approximately 14%-18% of deaths among HIV/AIDS
patients were attributed to liver diseases in these
[5]
studies .
Hepatobiliary dysfunction is common in HIV/AIDS.
It has been well established that HIV directly affects
[6]
hepatocytes, Kupffer cells, and endothelial cells .
Abnormalities in liver chemistries are common among
HIV-infected persons, even in the absence of hepatitis

WJG|www.wjgnet.com

Epidemiology
Actual data on the incidence and prevalence of AIDSrelated cholangiopathy is largely lacking, especially
from developing countries. In the pre-HAART era, the
[16]
estimated prevalence of this entity was 26%-46% .
To date, approximately 250 cases are reported in the
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literature-mostly before the introduction of HAART.
Although rarely reported in developed countries,
AIDS-related cholangiopathy remains an important
differential of cholestatic liver disease in HIV-infected
patients, attributable to resistance to the first line
[17]
antiretroviral medications . Meanwhile, it is still a
problem in developing countries due to poor access to
HAART, decreased awareness about the disease, and
[18]
medication non-compliance .

that C. parvum induces apoptotic cell death in the
infected cholangiocytes through Fas/Fas ligand (FasL)
system which is further potentiated by the synergistic
effects of the HIV-1 trans-activator of transcription
(Tat) protein (figure 1). FasL protein expression in
the cytoplasm of the cultured hepatocyte and its
translocation is enhanced by the HIV-1 Tat protein. In
addition, the HIV-1 Tat protein causes release of fulllength FasL in infected cells; consequently, apoptotic
cell death in uninfected cholangiocytes leads to
damage of the biliary epithelia, which occurs almost
[26,27]
exclusively in patients infected with HIV
. Another
proposed mechanism of pathology is autonomic
nerve damage in the intestine caused by C. parvum,
resulting in sphincter of Oddi dysfunction and papillary
stenosis, which is in turn linked to disordered motility
[28]
in the biliary tract .
The next-most common pathogen implicated in
the pathogenesis of AIDS cholangiopathy is cytome
galovirus (CMV). It is estimated that 10%-20% of
AIDS cholangitis is caused by CMV. Here, the damage
is usually found in the arterioles close to the biliary
canals, rather than within biliary epithelial cells. It
has been postulated that CMV causes vascular injury
[15]
leading to ischemic damage .
Microsporidia is another opportunistic pathogen
that has been found to be associated with AIDS
cholangiopathy in immunocompromised hosts. The
estimated prevalence of AIDS cholangiopathy caused
by microsporidia is around 10%, and Enterocytozoon
bieneusi (E. bieneusi) is involved in 80%-90% of
these cases. A series of 20 cases reported by some
researchers showed that E. bieneusi was the only
causative organism in those HIV-infected patients with
[29]
diarrhea. Another study published by Pol et al found
this pathogen in the biliary samples of all 8 patient
[30]
studies .
There are several other pathogens implicated in AIDS
cholangiopathy, but are less well-described. Isospora is
a well-known opportunistic pathogen in AIDS patients
associated with chronic diarrhea; however, its association
[31]
with AIDS cholangiopathy is relatively underestimated .
Recently, Histoplasma capsulatum was also reported in
HIV infections, causing structural changes suggestive of
AIDS cholangiopathy. In some cases, multiple pathogens
[32]
are involved in the pathogenesis . Clearly, there are
several opportunistic infections associated with the
development of cholangiopathy in AIDS, with the most
common being C. parvum, CMV, and E. bieneusi.

Determinants
Although exact knowledge about the natural history
of AIDS cholangiopathy and its determinants is not
available from currently published literature, the
disease is found to be associated with advanced immu
3
nosuppression (CD4 count < 100/mm ). Approximately
82% of patients with this disease have opportunistic
[19]
infections at the time of diagnosis . At the time of
diagnosis of cholangitis in AIDS patients, approximately
27% have been found to also have Pneumocystis carinii
pneumonia, 100% with candidiasis, 20% with HSV
[20]
infection, and 26% with cutaneous Kaposi sarcoma .
AIDS-related cholangitis is most commonly reported
in young men who have sex with men with a mean
[21]
age of 37 years . Conversely, it is more common in
heterosexual men in developing counties and rarely
[22]
associated with Kaposi sarcoma .

Etiology and pathogenesis
Opportunistic infections of the biliary tract associated
with advanced immunosuppression in AIDS has been
well documented in the literature. Cryptosporidium
parvum (C. parvum) is the most common pathog
en associated with AIDS cholangiopathy and has
[23]
been has been isolated in 20%-57% of patients .
Sources of samples for diagnosis include: bile duct
epithelium by ampullary biopsy, bile samples, and
stool samples. Epidemiological studies show that C.
parvum-associated diarrhea is common in developed
and developing countries and can be seen in both
[24]
immunocompetent and immunocompromised hosts .
However, cholangiopathy is only reported in the
immunocompromised state associated with AIDS.
The incidence of C. parvum infection in AIDS patients
is reported to be 3%-4% in developed countries and
approximately 50% in patients in the developing
[25]
world prior to the advent of HAART . This pathogen
is still the most common infectious cause of AIDS
cholangiopathy in patients who either do not have
access to medications or have documented resistance
to first-line HAART.
It has been proposed that HIV and C. parvum acts
synergistically in the biliary system. The mechanism
by which C. parvum causes AIDS cholangiopathy
is not entirely clear. Results of the in vitro study
published by O’Hara and associates in 2007 suggests
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Diagnosis
Clinical, biochemical and imaging studies necessary for
the diagnosis of AIDS related cholangiopathy are as
follows:

Symptoms and signs

The clinical presentation of AIDS cholangiopathy
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Figure 1 Molecular mechanism of human immunodeficiency virus cholangiopathy induced by Cryptosporidium parvum.

Liver biopsy

is variable, ranging from asymptomatic disease to
severe right upper quadrant pain associated with
nausea, vomiting, and diarrhea. Presence of papillary
stenosis is the primary determinant of abdominal pain
severity. Less common presenting features include
fever and jaundice, usually seen with complete bile
duct obstruction. When present, fevers are usually lowgrade, but spiking high-grade fevers can be seen with
superimposed bacterial cholangitis. Substantial weight
loss is also seen commonly, while pruritus is uncommon.
On physical examination, abdominal tenderness and
[21,33,34]
hepatomegaly are reported in some case reports
.

Microscopically, the changes of AIDS cholangiopathy
[37]
are usually consistent with sclerosing cholangitis .

Imaging studies

Ultrasound: Being cost-effective, sonography is an
ideal screening imaging modality in an HIV-infected
patient suspected to have hepatobiliary pathology. The
most common abnormalities associated with AIDS
cholangiopathy include the dilatation of intrahepatic
and extrahepatic ducts, followed by a prominent/
dilated common bile duct (CBD), and in some patients,
a beaded appearance can also be noted. According to
a study published by Daly and associates, ultrasound
is 98% accurate in predicting normal or abnormal
endoscopic retrograde cholangiopancreatography
(ERCP) in AIDS cholangiopathy-it is 97% sensitive and
100% specific in predicting ERCP abnormalities in this
clinical setting. Another commonly seen abnormality is
the presence of hyperechoic echogenic nodules at the
distal end of the CBD, which represents edema of the
[38,39]
papilla of Vater noted on ERCP
.

Laboratory criteria

Elevated liver enzymes, especially markedly elevated
alkaline phosphatase and gamma-glutamyl transferase
(GGT), is the most common biochemical abnormality
associated with AIDS cholangiopathy. It is especially
seen in AIDS cholangiopathy associated with dis
seminated mycobacterium avium complex (MAC).
Obstruction of the smaller branches of the biliary tree
due to granulomatous infiltration from disseminated
MAC is the possible underlying explanation. Only mild
to moderate elevation has been observed in other
liver chemistries such as alanine aminotransferase
and aspartate aminotransferase. Serum bilirubin may
remain normal or elevated, depending on the severity
of papillary duct stenosis. In approximately one-fourth
of patients, the presentation of AIDS cholangiopathy
is subtle and not associated with any biochemical
abnormalities despite the evidence of cholangiographic
[35,36]
abnormalities on imaging studies
.
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Contrast-enhanced multidetector computed
tomography: Computed tomography (CT) scans are
used widely to evaluate causes of acute and chronic
abdominal pain, such as acute pancreatitis in HIV-infected
patients. Abdominal CT scans with contrast provide
detailed information about hepatic and pancreatic paren
chyma and vasculature. In HIV cholangitis, findings of
intrahepatic and extrahepatic biliary ductal dilatation in
the absence of external compression from malignant
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[40]

masses are seen commonly

.

treatment, and 50% showed improvement in alkaline
phosphatase. The mechanism for improvement in pain
and liver chemistries with URSO treatment in AIDS
cholangiopathy is not yet clear.
To date, the best treatment of opportunistic pathogens
causing AIDS-related cholangiopathy is restoration of
immune function using HAART or switching to secondline HAART if there is evidence of resistance. The data
regarding improvement in clinical symptoms and
radiological findings after HAART initiation is conflicting.
While most case series studies show improvement
in abdominal pain, normalization of liver chemistries,
and decrease in the progression of intrahepatic and
extrahepatic biliary involvement, a case described
[54]
by Imai et al showed that intrahepatic biliary duct
stenosis progressed even after the timely initiation of
[55]
HAART .
Endoscopic sphincterotomy usually provides sy
mptomatic relief of abdominal pain in cholangitis
associated with papillary stenosis by decompressing
the bile ducts and improving drainage in the biliary
tree. The value of endoscopic sphincterotomy has
been evaluated in multiple case series. Endpoints of
follow-up evaluation were improvement in pain score
and cholestasis, decrease in the biliary dilatation,
and decreased progression of sclerosing cholangitis.
According to the prospective study published by Cello
[56]
et al , ERCP sphincterotomy was associated with
significant improvement in pain scores up to at least
9 mo of follow-up. However, there was no significant
improvement in the level of alkaline phosphatase, and
progression of intrahepatic sclerosing cholangitis was
observed. These findings are supported by several
other studies as well. Though experience is limited,
there have been reports of successful biliary stent use in
[57]
patients with both long and proximal strictures .

Cholangiography: Magnetic resonance cholangio
pancreatography (MRCP) is noninvasive and has similar
sensitivity to ERCP in diagnosing the characteristic
findings of AIDS cholangiopathy. In addition, the risk
of complications seen more in ERCP such as iatrogenic
pancreatitis, duodenal perforation, hemorrhage, and
ascending cholangitis are rare. Currently, MRCP is
preferred over ERCP unless there is need for diagnostic
and therapeutic procedures, such as brushing, sphinc
terotomy, or placement of stents due to biliary strictures.
According to the published literature, the most
common cholangiographic finding in AIDS cholang
iopathy is papillary stenosis, which is a smoothly
tapered stricture at the distal end of the CBD at the
level of the hepatopancreatic ampulla. In two-thirds
of cases, papillary stenosis is present either alone
or in combination with intrahepatic ductal dilatation
and multifocal intrahepatic biliary strictures with
alternating normal segments, or saccular dilatations.
The characteristic “beaded” appearance of intrahepatic
sclerosing cholangitis-like pattern without intrahepatic
and extrahepatic bile duct abnormalities is observed in
20% of patients. The fourth cholangiographic pattern
seen in 6%-15% of patients corresponds to a 1-3 cm
segmental extrahepatic biliary stricture with or without
[41-43]
intrahepatic involvement
.

Management

Symptomatic treatment with opioids such as morphine
and CT-guided celiac plexus block has been effective
[44]
in alleviating abdominal pain . Treatment of oppor
tunistic infections is surprisingly ineffective in halting
the progression of sclerosing cholangitis and papillary
stenosis. Cryptosporidium, by far the most common
pathogen implicated in the pathogenesis of AIDS
[45]
cholangitis, has no effective eradication therapy . In
a few studies, paromomycin, azithromycin, and more
recently nitazoxanide have been used without promising
[46,47]
results
. Intravenous gancyclovir and foscarnet
are also not beneficial for treatment of CMV-related
[48]
cholangitis . Though albendazole has been used
with some success in disseminated Enterocytozoon
intestinalis infection including cholangitis, the thera
[49]
peutic effect seems to be transient . Trimethoprimsulfamethoxazole for cyclopora has been used with
[50]
little success . Treatment is recommended with oral
trimethoprim-sulfamethoxazole in addition to ivermectin
[51]
for isospora .
Use of ursodeoxycholic acid (URSO) in AIDS cho
langiopathy is associated with symptomatic improv
ement in abdominal pain and normalization of liver
[52]
chemistries after sphincterotomy for papillary stenosis .
According to the pilot study published by Castiella
[53]
et al
in 1997, which included four patients with
AIDS cholangiopathy treated with URSO, 100%
reported resolution in abdominal pain after 2-4 mo on
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Prognosis
The survival of patient with AIDS cholangiopathy is
generally poor because of disease association with
advanced stages of immunosuppression and the
presence of multiple opportunistic infections. In the
pre-HAART era, 1-year survival was reported to be
[58,59]
14%-41% with a mean survival of 7-12 mo
.
Remarkable improvement was reported in the median
survival of the patients with AIDS cholangiopathy
during the last decade, including reports of up to
34 mo median survival. This is thought to be due
to earlier diagnosis and management of HIV/AIDS,
and improved access to HAART. According to the
[60]
prospective study published by Ko , the factors
associated with poor prognosis in AIDS cholangiopathy
include history or presence of opportunistic infections,
and elevation in the level of alkaline phosphatase eight
times above the upper limit of normal. CD4 count,
severity of cholangiopathy, and sphincterotomy for
decompression of the biliary tract each have no effect
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on mortality. In the same study, factors associated
with improved survival of the patient but became
insignificant after adjusting for confounding factors
were older age (30 years or older), the absence of
opportunistic infection, diagnosis of AIDS after 1993,
and AIDS cholangiopathy after 1996.

6
7

Complications
So far, the primary complications reported to be caused
by AIDS-related cholangiopathy are development of
cholangiocarcinoma and progression of sclerosing
cholangitis despite appropriate treatment. Chronic
biliary infection from opportunistic pathogens seen in
AIDS cholangiopathy initiate the dysplastic process
in the biliary epithelium, leading to development of
cholangiocarcinoma. These complications can occur
even after restoration of immune function with HAART
and improvement in CD4 count, pointing to the
fact that the biliary dysplasia associated with AIDS
cholangiopathy is irreversible and refractory to HAART[61-63]
induced immune restoration
.

8

Conclusion

12

9

10
11

Clearly, there is still much to be learned regarding
AIDS cholangiopathy, particularly with its epidemiology,
natural history, and determinants of pathology. While
proper diagnosis of this disease has been well described
and refined over the years, efficacious treatment
methods for improving both symptomatic and pathologic
processes, as well as preventing grave complications,
still leave much to be desired. Hopefully, increased
awareness of AIDS cholangiopathy through review
articles such as this, will lead to further studies and
better treatment options for afflicted patients, across
both developed and developing countries, in the near
future.
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Abstract
AIM
To investigate by immunostaining glucose transporter
expression in human colorectal mucosa in controls and
patients with inflammatory bowel disease (IBD).

Institutional review board statement: The study was reviewed
and approved by the Ethics Committee of Padua University
Hospital (study n° 2813P) Institutional Review Board.

METHODS
Colorectal samples were obtained from patients
undergoing lower endoscopic colonoscopy or rectosigmoidoscopy. Patients diagnosed with ulcerative

Conflict-of-interest statement: All authors declare no conflicts
of interest.
Data sharing statement: Technical appendix and data set are
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colitis (n = 18) or Crohn’s disease (n = 10) and
scheduled for diagnostic colonoscopy were enrolled.
Patients who underwent colonoscopy for prevention
screening of colorectal cancer or were followed-up after
polypectomy or had a history of lower gastrointestinal
symptoms were designated as the control group
(CTRL, n = 16). Inflammatory status of the mucosa
at the sampling site was evaluated histologically
and/or endoscopically. A total of 147 biopsies of
colorectal mucosa were collected and processed for
immunohistochemistry analysis. The expression of
GLUT2, SGLT1, and GLUT5 glucose transporters was
investigated using immunoperoxidase labeling. To
compare immunoreactivity of GLUT5 and LYVE-1, which
is a marker for lymphatic vessel endothelium, doublelabeled confocal microscopy was used.

zones. As GLUT5 is the main fructose transporter,
fructose may have a role in the atypical aggregation
of lymphatic vessels. This novel finding yields
further insight into the characterization of lymphatic
vasculature, whose dysfunction is a long-recognized
feature in humans with IBD.

RESULTS
Immunohistochemical analysis revealed that GLUT2,
SGLT1, and GLUT5 were expressed only in short
epithelial portions of the large intestinal mucosa.
No important differences were observed in glucose
transporter expression between the samples obtained
from the different portions of the colorectal tract and
between the different patient groups. Unexpectedly,
GLUT5 expression was also identified in vessels, mainly
concentrated in specific areas where the vessels were
clustered. Immunostaining with LYVE-1 and GLUT5
antibodies revealed that GLUT5-immunoreactive (-IR)
clusters of vessels were concentrated in areas internal
to those that were LYVE-1 positive. GLUT5 and LYVE-1
did not appear to be colocalized but rather showed a
close topographical relationship on the endothelium.
Based on their LYVE-1 expression, GLUT5-IR vessels
were identified as lymphatic. Both inflamed and noninflamed mucosal colorectal tissue biopsies from the
IBD and CTRL patients showed GLUT5-IR clusters of
lymphatic vessels.

INTRODUCTION

Merigo F, Brandolese A, Facchin S, Missaggia S, Bernardi P,
Boschi F, D’Incà R, Savarino EV, Sbarbati A, Sturniolo GC.
Glucose transporter expression in the human colon. World J
Gastroenterol 2018; 24(7): 775-793 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v24/i7/775.htm DOI: http://
dx.doi.org/10.3748/wjg.v24.i7.775

Facilitative monosaccharide transport across the
cell membrane is mediated by the GLUT family of
membrane proteins encoded by the solute carrier
transporter 2 (SLC2) gene. The GLUT protein family
comprises 14 isoforms that differ by expression
pattern and by affinity for sugars, polyols, and other
[1]
carbon compounds . The GLUT5 and GLUT2 (also
known as SLC2A5 and SLC2A2, respectively) isoforms
are predominantly but not exclusively distributed in
the intestine.
GLUT5 is a sugar transporter that facilitates fructose
uptake. In mice, GLUT5 mRNA is abundantly detected
by in situ hybridization and PCR in the small intestine
but not in the large intestine. It is expressed in the
small intestine and other organs such as the brain,
[2,3]
testes, skeletal muscle, adipocytes, and kidneys . In
enterocytes, it is located on the apical membrane. In
the small intestine of rats, GLUT5 expression may be
increased by exposure to fructose (or its metabolites),
steroids, and thyroid hormones depending on age and
[4-7]
weaning stage . GLUT5 expression differs according
to insulin-resistance in adipocytes and duodenal
[8,9]
enterocytes . It is also implicated in the develop
ment of metabolic diseases such as fructose-induced
[10]
hypertension and non-alcoholic fatty liver disease .
GLUT2 expression is widely present throughout the
[11]
digestive system , greatest in the small intestine and
least in the terminal ileum. Molecular biology studies
indicate that it is not expressed in the large intestine
[12]
in mice . In humans, GLUT2 expression has been
observed in enterocytes and enteroendocrine L-cells.
In enterocytes, it is mainly located in the basolateral
membrane where it facilitates the passage of glucose
towards the interstitial space and bloodstream. In
mice, it has been observed in the apical region of
enterocytes after a sugar-rich meal or when insulin[13-16]
resistance develops
. GLUT2 is also expressed in
enteroendocrine L-cells of the distal small intestine
and large intestine in humans, and it is responsible for
[17-19]
the secretion of glucagon-like peptide 1 (GLP-1)
.

CONCLUSION
Glucose transporter immunoreactivity is present in
colorectal mucosa in controls and IBD patients. GLUT5
expression is also associated with lymphatic vessels.
This novel finding aids in the characterization of lym
phatic vasculature in IBD patients.
Key words: Ulcerative colitis; Colon; Crohn’s disease;
Glucose transporter; LYVE-1, Immunohistochemistry
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our study demonstrates that GLUT2, SGLT1,
and GLUT5 glucose transporters are expressed in
the colorectal mucosa in controls and patients with
inflammatory bowel disease (IBD). In addition, it
provides first evidence that GLUT5 expression is
associated with lymphatic vessels in controls and IBD
patients. GLUT5-immunoreactive vessels were isolated
or clustered in specific areas. We interpreted the
presence of clusters as a pattern related to proliferative
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Because of the gradient of glucose concentration
between the cytosol and the intestinal lumen, glucose
uptake by enterocytes depends mostly on SGLT1, which
+
is a Na /glucose co-transporter of the human family
[20]
SLC5 . SGLT1 is located on the apical membrane of
[21]
enterocytes . In mice, SGLT1 expression was found
to be intensely present from the duodenum to the
end of the ileum where its levels tend to decrease,
as demonstrated by in situ hybridization and PCR
techniques. In the large intestine, SGLT1 expression
remains controversial because SGLT1 mRNA in the
proximal colon has been detected by in situ hybridi
[12]
zation but not by PCR . SGLT1 is also known to be
implicated in glucose-mediated GLP1 exocytosis through
[22]
depolarization of the L-cell membrane .
Further implications of these transporters other than
sugar uptake and metabolism have been proposed for
inflammation, malignancy, and gut microbiota regu
lation. Research has shown that GLUT5 activity and
expression are regulated under normal conditions but
[7]
they are altered in pathological conditions . GLUT5 is
over-expressed in malignant but not in normal human
tissues, including colonic and hepatic tissues, and it can
be considered an important diagnostic or therapeutic
target in tumors relying on fructose for proliferation
[23-25]
such as breast cancer and pancreatic cancer
.
GLUT5 mRNA levels in non-inflamed small intestine of
rats with iodacetamide-induced colitis were observed
to be lower than in controls, suggesting a possible link
between this fructose transporter and inflammatory
cytokines. On the other hand, fructose absorption in
rabbit was found to be inversely proportional to TNFalpha expression and bacterial lipopolysaccharide (LPS)
[26,27]
exposure
. In mice models, GLUT5 deficiency has
been reported to be associated with severe malab
[28]
sorption due to dilation of the cecum and colon .
GLUT2 has a high affinity for glucosamine, an
amino-monosaccharide with anti-inflammatory activity
against sodium dextran sulfate-induced colitis, which
is a model for inflammatory bowel disease (IBD) in
[29]
rats . Moreover, it has also been reported to have
a role in modulating gut microbiota: after intestinalspecific deletion of GLUT2 in mice, an increase in
commensal bacteria was observed in association with
[19]
an improvement in inflammatory status .
SGLT1 (like GLUT2) mRNA and protein levels
were found to be significantly increased in intestinal
[9]
biopsies of diabetic human subjects . Some mecha
nisms of cellular survival linked to SGLT1 have been
demonstrated in Caco-2 cells models when exposed
[30]
to bacterial LPS . Furthermore, SGLT1 expression in
these models was found to be inversely proportional
to TNF-alpha expression, implicating its potential
[31]
involvement in colonic inflammatory diseases . In
addition, in vivo studies on mice have shown that oral
glucose and 3-O-methyl-d-glucose (a non-metabolizable
glucose analogue ) administration promotes survival
[32]
in endotoxic shock induced by LPS . These studies

WJG|www.wjgnet.com

suggest a protective role for SGLT1 in inflammatory
processes or sepsis, possibly by maintaining intestinal
barrier integrity. SGLT1 acts through the inhibition
of intestinal epithelial cell activation mediated by
phosphorylation of the signaling molecule Nf-KB, a
protein complex involved in the gene regulation of
several cellular responses, which is a known mechanism
in the epithelium of patients with Crohn’s disease (CD)
[33-35]
and ulcerative colitis (UC)
.
These findings raise expectations for future dis
coveries; however, most studies to date on sugar
transporters in the gastrointestinal tract have been
performed using molecular biology in murine or in
vitro models. Since topographical variations in glucose
transporters have been detected mainly by biochemical
rather than standard immunohistochemical analysis
also in humans, the localization and distribution of
glucose transporters in the large intestinal mucosa of
the colon have not yet been clarified.
For this reason, the aim of this study was to in
vestigate by immunostaining at light and confocal
microscopy the expression of the major intestinal
glucose transporters (GLUT5, GLUT2, SGLT1) in human
colonic mucosa in control subjects and subjects with
IBD.

MATERIALS AND METHODS
The study protocol was approved by the Ethics
Committee of Padua University Hospital (study No.
2813P). Written, informed consent was obtained from
all participants prior to inclusion in the study. The study
was prospectively conducted from December 2013 to
November 2015.

Patients

Patients diagnosed with UC or CD and scheduled for
diagnostic colonoscopy were enrolled. Patients who
underwent colonoscopy for prevention screening of
colorectal cancer or were followed-up after polypectomy
or lower gastrointestinal symptoms were designated as
the control group (CTRL). Inclusion criteria are presented
in Table 1.
The UC patient group (n = 18) included 8 men and
10 women (mean age 47 years, range 30-66; average
body-mass index (BMI, weight in kg divided by height
2
2
in m squared) 24 kg/m , range 18-32.9 kg/m .
The CD patient group (n = 10) included 5 men and
5 women (mean age 37 years, range 19-53; average
2
2
BMI 23.6 kg/m , range19.6-26.1 kg/m .
The CTRL patient group (n = 16) included 6 men
and 10 women (mean age 56 years, range 27-72,
2
2
average BMI 24.85 kg/m , range 18.1-31.1 kg/m . All
CTRL patients were evaluated based on histological
and/or endoscopic examination of intestinal biopsies;
none was affected by UC or CD.
Patients were classified by their BMI into one of
2
three groups: normal weight for BMI < 24.9 kg/m ,
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Table 1 Criteria of inclusion for patients in each group
Patient group

Periodic Followup (n )

New stadiation
of IBD (n )

Abdominal pain
(n )

16
2
31

2
8
-

5

UC
CD
CTRL

Chronic diarrhea Colorectal cancer
(n )
screening (n )
4

Stipsis (n )

Hemorrhoids (n )

1

1

2

1

Follow up after polypectomy. CD: Crohn‘s disease; UC: Ulcerative colitis; CTRL: Controls; IBD: Inflammatory bowel disease.

Table 2 Number of biopsies analyzed by immunohistochemistry in each tract of large intestine
Patient group

Biopsy status

Large
Proximal

Intestine
Tract

Distal

Cecum colon (n ) Ascending colon (n ) Transverse colon (n ) Descending colon (n )
UC
CD
CTRL

Inflamed
Non-Inflamed
Inflamed
Non-Inflamed
Inflamed
Non-Inflamed

2
7
0
1
2
7

6
9
4
1
4
5

4
5
3
0
3
6

Tract
Sigmoid colon (n )

Rectum (n )

7
3
4
2
4
7

7
3
4
1
4
7

6
6
4
1
2
6

CD: Crohn‘s disease; UC: Ulcerative colitis; CTRL: Controls.
2

overweight for 25.0-29.9, and obese for > 30 kg/m .

inflamed or non-inflamed was determined. When the
endoscopic grade differed from the histological grade,
the final biopsy status was decided on the basis of
the pathologist’s assessment. The complete list of
all biopsies analyzed by IHC, classified according to
inflammation status, is shown in Table 2.

Colorectal samples

Colorectal samples were obtained from patients
undergoing lower endoscopic colonoscopy or rectosigmoidoscopy (2 in the CTRL group). Biopsies of
portions of the colonic tract were taken for diagnostic
purposes according to the endoscopist‘s judgment,
and for immunohistochemistry (IHC). The biopsies
were collected from adjacent sites to compare the
level of inflammation in independent samples. In
14 of the 44 patients who underwent a complete
colonoscopy, biopsies were obtained of all 6 portions of
the colon-rectum (cecum, ascending colon, transverse,
descending, sigmoid colon, rectum). In the remaining
30 patients, biopsies were obtained only from the
endoscopically examined portions.
A total of 147 biopsies of colonic mucosa were
collected for IHC analysis. Inflammatory status of
the mucosa at the sampling site was evaluated
endoscopically in all biopsies and histologically in 127
out of 147 biopsies by an experienced pathologist who
evaluated the mononuclear and polymorphonuclear
cell infiltration of the mucosal layer. For the endoscopic
findings, inflammatory status was graded according
to the Mayo endoscopic score in the UC patients
(Mayo score of 0 indicates normal colonic mucosa,
> 0 evidence of macroscopic active inflammation),
and according to the Rutgeerts score in previously
resected CD (3 out of 10) patients (Rutgeerts score
of 0-1 indicates normal ileocolic anastomosis, and >
1 macroscopic relapse of CD). For the non-resected
CD and CTRL patients, inflammatory mucosal status
was graded as documented in the endoscopic report.
Based on histological and endoscopic grading, their
status towards inflammation and classification as

WJG|www.wjgnet.com

Tissue preparation

After sampling, specimens were fixed in 40 g/L
formaldehyde and processed by embedding in paraffin
using standard methods. Sections were cut to 7 µm
thickness, mounted on polylysine-coated microscope
slides, and processed for immunoperoxidase and
double immunofluorescence labeling. Primary and
secondary antibodies are listed in Table 3.

Peroxidase-immunohistochemistry

Sections were deparaffinized in xylene, rehydrated
through passages in alcohol with decreasing concen
trations to water, and then microwaved at 800 W for
three five-minute cycles in 0.01 mol/L citrate buffer (pH
6) to optimize antigen retrieval. Endogenous peroxidase
activity was blocked by incubating the slides in 30 mL/L
H2O2 in methanol for 30 min. After rinsing in PBS, the
slides were first incubated with blocking solution (3
mL/L Triton X-100, 10 g/L bovine serum albumin, and
10 mL/L normal swine or rabbit serum); the solution
was used to dilute the antibodies. Subsequently,
the sections were incubated with primary antibodies
overnight at 4 ℃ and then reacted with biotinylated
secondary antibody for 1 h at room temperature. The
immunoreaction was detected using a Vectastain Elite
ABC kit (Vector Laboratories, Burlingame, CA, United
States) and then visualized with 3.3’-diaminobenzidine
tetrahydrocloride (Dako, Milan, Italy) for 5-10 min.
Finally, the sections were mounted in Entellan (Merck,
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Table 3 Primary and secondary antibodies for immunohistochemical analysis
Antibody
Anti-GLUT2
Anti-GLUT5
Anti-SGLT1
Anti-LYVE-1
Anti-VEGF
Polyclonal anti-rabbit IgG/biotinylated
Polyclonal anti-goat IgG/biotinylated
CyTM3-Fab fragment anti-rabbit IgG
FITC-fab fragment anti-rabbit IgG
Unconjugated fab fragment anti-rabbit IgG

Host

Dilution

Source

Goat
Rabbit
Rabbit
Rabbit
Rabbit
Swine
Rabbit
Goat
Goat
Goat

1:200
1:400
1:200
1:500
1:200
1:400
1:400
1:100
1:100
1:30

cat#ab111117, abcam, Cambridge, United Kingdom
cat#ab36057, abcam
cat#ab14686, abcam
cat#Bs-1311R, Bioss,Woburn, MA, United States
cat#RB-222, Thermo Scientific, Fremont, CA, United States
cat#E0353, Dako, Milan, Italy
cat#E0466, Dako
cat#111-167, Jackson Lab., Baltimore, MD, United States
cat#111-097, Jackson Lab.
cat#111-007, Jackson Lab.

software, adjusting only brightness and contrast.
Control sections were prepared using one of the
following methods: (1) replacing the second primary
antibody with normal rabbit serum; or (2) exchanging
the fluorophores of the secondary antibodies; or (3)
omitting the primary antibody; or (4) changing the
sequence of secondary antibody application.

Milan, Italy).
Sections processed as above, but without the
primary antibody, were used as negative control. Control
sections for SGLT1 were also prepared by preabsorbing
the primary antibodies with the corresponding peptide
(5 μg/mL of antibody; SGLT1 peptide, cat#ab99447,
abcam). Sections of human small intestine were used
as positive controls.

Scanning electron microscopy

Light microscopy

Sections of colonic mucosa, previously immunostained
for GLUT5 antibody, were reused for scanning electron
microscopy (SEM) analysis. After removal of the coverslip,
the samples were brought to absolute alcohol, processed
by critical point drying (CPD 030, Balzers, Vaduz,
Liechtenstein), mounted on stubs with colloidal silver,
sputtered with gold by means of an MED 010 coater
(Balzers), and examined under an FEI XL30 scanning
electron-microscope (FEI Company, Eindhoven, NL).

Sections were examined with an Olympus BX51
microscope (Olympus, Tokyo, Japan) equipped with a
digital camera (DKY-F58 CCD JVC, Yokohama, Japan).
Digital images were analyzed and processed with
Image-ProPlus 7.0 software (Media Cybernetics, Silver
Spring, MD, United States). Images were composed
with Adobe Photoshop software ver. 6.0 (Adobe
Systems, Mountain View, CA, United States) to regulate
contrast and brightness.

RESULTS

Immunofluorescence microscopy

The results of immunohistochemical analysis of samples
from the cecum, ascending and transverse colon were
grouped together as data of the proximal tract; the
results of samples from the descending, sigmoid colon,
and rectum were grouped as data of the distal portion
of the large intestine.

Double immunofluorescent staining was used to compare
immunolabeling of GLUT5 with that of lymphatic vessel
endothelial hyaluronan receptor 1 (LYVE-1), a marker for
lymphatic vessel endothelium in humans and rodents,
and with that vascular endothelial growth factor (VEGF),
a marker of vascular endothelial cells.
The double-label assay was carried out sequentially
using a method that relied on the use of secondary
monovalent Fab fragments because all primary anti
[36,37]
bodies are raised in the same species
. Paraffin
sections (processed as described above) were used
for double staining, which was performed as described
[38]
in Merigo et al . After completing the staining
protocol, the sections were immersed 1 g/L Sudan
Black B (Merck) in 70% ethanol for 20 min at room
temperature to reduce tissue autofluorescence. After
rinsing, the sections were mounted with fluorescent
mounting medium (DAKO) and observed with a Zeiss
LSM 510 confocal microscope equipped with argon (488
nm) and helium/neon (543 nm) excitation beams.
Sequential acquisition, i.e., one color at a time, was
utilized on double-labeled tissues to avoid side-band
excitation of the inappropriate fluorophore. All images
for publication were composed using Adobe Photoshop
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Immunohistochemical analysis of GLUT2, SGLT1, and
GLUT5 expression in large intestine

Immunostaining for GLUT2 was detected on the apical
cell pole and/or basolateral membrane of epithelial
intestinal cells. Only small portions of the epithelium
were positive for GLUT2 (Figure 1a-d). A few samples
in each group of patients were immunostained for
GLUT2 in both the proximal and the distal tract (Table 4).
Immunoreactivity for SGLT1 was concentrated
mainly on the apical pole of epithelial cells, which were
often observed in small clusters of 2 or 3 (Figure 1e
and f). SGLT1 expression was observed in the samples
from the distal tract; no substantial differences between
the three patient groups were noted (Table 4).
Two distinct expression patterns of GLUT5 immuno
reactivity were observed throughout the portions of
the large intestine. GLUT5 expression was found on
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Table 4 Percentage of samples with GLUT2, SGLT1 and GLUT5 expression in epithelial cells of large intestine biopsies
Patient group
Biopsy status
UC
CD
CTRL

Inflamed (n = 12)
Non-inflamed (n = 21)
Inflamed (n = 7)
Non-inflamed (n = 2)
Inflamed (n = 9)
Non-inflamed (n = 18)

Large
Proximal
GLUT2, %
8
5
0
0
11
17

Tract
SGLT1, %
GLUT5, %
9
17
5
33
0
0
0
0
0
33
0
17

Biopsy status
Inflamed (n = 20)
Non-inflamed (n = 12)
Inflamed (n = 12)
Non-inflamed (n = 4)
Inflamed (n = 10)
Non-inflamed (n = 20)

Intestine
Distal
GLUT2, %
0
8
8
0
30
20

Tract
SGLT1, %
GLUT5, %
15
15
8
17
8
0
0
0
10
0
1
15

CD: Crohn‘s disease; UC: Ulcerative colitis; CTRL: Controls.

A

B

C

D

E

F

expression and distribution. GLUT5 immunoreactivity
was observed in the endothelial cells of small vessels,
with well-defined endothelium, and slit-like or rounded
luminal spaces. The vessels were scattered separately
just below the epithelium or around the glands in the
intestinal mucosa (Figure 3a-c). This pattern was de
fined as normal GLUT5 expression in vessels because
no samples lacking this characteristic were observed.
In some samples, however, this immunoreactivity
pattern was detected in small, numerous vessels
which, though remaining individually distinct, tended
to aggregate. They were mainly concentrated below
the epithelium or around the glands (Figure 3d-i).
No specific labeling was seen in the control sections
when IHC was performed without the primary antibody
(Figure 3j).
Aggregation of GLUT5-immunoreactive (-IR) vessels
was much more evident in other samples, where
GLUT5 immunostaining was observed to be mainly
concentrated in specific areas formed by clusters of
GLUT5-IR vessels scattered throughout the intestinal
tract (Figure 4a-f). The clusters varied in number
(number ranged from 1 to 12 per section) and size
2
2
(min area 262 µm ; max area 10695 µm ) and were
predominantly localized beneath the epithelium (Figure
5a and b) or around the glands (Figure 5c and d). They
consisted of many non-rounded vessels which appeared
to be strongly dilated, with only short portions lining the
lumen covered by endothelial cells. The flat endothelial
cells were stained for GLUT5 (Figure 5b). The epithelium
overlying these aggregates often appeared damaged by
the presence of vacuolar structures (Figure 5e and f).
The epithelium was missing in some cases.

Figure 1 Immunoperoxidase staining showing GLUT2 (A-D) and SGLT1
(E and F) immunoreactivity in epithelial cells of the cecum (A and B),
descending (C and D), and sigmoid (E and F) colon of human intestine.
White arrows indicate staining on the apical pole, black arrows on the basolateral
membrane of epithelial intestinal cells. Scale bar: (A, C, D) 50 µm; (B, E, F) 5 µm.

GLUT5-IR clusters in samples from UC, CD, and CTRL
patients

GLUT5-IR clusters were observed throughout the
entire tract of the large intestine in the samples of both
inflamed and non-inflamed mucosal tissue from the
UC, CD, and CTRL patients. The percentage of samples
with GLUT5-IR clusters is shown in Table 5.
In the UC patients, the expression of GLUT5-IR
clusters was higher in the samples from the distal
than from the proximal tract, especially in the samples
of non-inflamed tissue (83.3% vs 47.6%). The

the apical membrane of epithelial cells, most likely
representing labeling of the brush border membrane
(Figure 2a-l). Only short portions of the epithelium
showed positive epithelial cells. This staining was
observed from the cecum to the rectum in both the UC
and CTRL groups, but without significant differences
between them (Table 4).
GLUT5 staining was also seen in vascular struc
tures, where it displayed a heterogeneous pattern of
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Figure 2 Immunoperoxidase staining showing GLUT5 immunoreactivity in the brush border membrane of epithelial cells in lumen of cecum (A and B),
ascending (C and D), transverse (E and F), descending (G and H), sigmoid (I and J) colon, and rectum (K and L). The boxed area in (A, C, E, G, I, K) is shown
at higher magnification in (B, D, F, H, J, L, respectively). Scale bar: (A, E, G, I) 50 µm; (C, K) 25 µm; (D, F) 10 µm; (B, H, J, L) 5 µm.

percentage of inflamed and non-inflamed samples was
similar in the proximal tract (50% vs 47.6%), whereas
in the distal tract the percentage of non-inflamed
samples was higher (83.3% vs 55%).
In the CD patients, the percentage of GLUT5-IR
clusters was higher in inflamed samples obtained from
the distal than from the proximal tract (83% vs 71%),
whereas the percentage was higher in non-inflamed
samples from the proximal tract than from the distal
tract (50% vs 25%). However, it was always higher in
the inflamed than in the non-inflamed samples from
both the proximal (70% vs 50%) and the distal tract
(83% vs 25%).
In the CTRL group, the percentage of GLUT5-IR
clusters in both the inflamed (60% vs 55.5%) and
non-inflamed tissue samples (85% vs 44.4%) was
higher in those obtained from the distal tract than from
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the proximal tract. The percentage was similar for the
inflamed samples and non-inflamed samples from
the proximal tract (55.5% vs 44.4%) and higher in
the non-inflamed as compared to the inflamed tissue
samples from the distal tract (85% vs 60%). Figure
6 reports the percentages of samples with GLUT5-IR
clusters as bar graphs, for both the proximal (Panel a)
and the distal (Panel b) tract.
The expression of GLUT5-IR clusters was also
evaluated in a sample group obtained by classifying
the patients according to their BMI (Table 6). In the
UC and CTRL patients, the expression of GLUT5-IR
clusters was higher in the inflamed samples of patients
with normal weight as compared with non-inflamed
samples from the proximal tract; whereas in the distal
tract the percentage of GLUT5-IR clusters was always
higher in the non-inflamed samples as compared
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Table 5 Percentage of samples with GLUT5 expression in clusters of lymphatic vessels in large intestine biopsies
Patient group

Large
Proximal
Biopsy status
Inflamed (n = 12)
Non-Inflamed (n = 21)
Inflamed (n = 7)
Non-Inflamed (n = 2)
Inflamed (n = 9)
Non-Inflamed (n = 18)

UC
CD
CTRL

Tract
GLUT5, %
50.0
47.6
71.0
50.0
55.5
44.4

Intestine
Distal
Biopsy status
Inflamed (n = 20)
Non-Inflamed (n = 12)
Inflamed (n = 12)
Non-Inflamed (n = 4)
Inflamed (n = 10)
Non-Inflamed (n = 20)

Tract
GLUT5, %
55.0
83.3
83.0
25.0
60.0
85.0

CD: Crohn‘s disease; UC: Ulcerative colitis; CTRL: Controls.

A

to the inflamed samples from all three groups. The
percentage was higher in the inflamed than in the noninflamed tissue samples from both the proximal and
distal tract in the normal weight and overweight CD
patients.

B

SEM analysis of GLUT5 immunoreactivity

The GLUT5 positive sections were also observed at
SEM for a more detailed evaluation of the labeled
areas. Comparison between the SEM (Figure 7A and
C) and the light microscope (Figure 7B and D) images
showed that the area with GLUT5 immunoreactivity
(Figure 8a-e) was characterized by large spaces and
numerous dilated vessels, probably lymphatic because
of the absence of red blood cells inside the lumen
(Figure 8g and h). The vessels had a non-continuous
endothelium, as observed at light microscopy. In the
non-labeled areas, there were vessels containing
cells inside the lumen that, judging by their rounded
appearance, were probably lymphocytes or plasma
cells (Figure 8f).

C

D

F

I

E

G

Comparison of GLUT5 immunoreactivity with LYVE-1
and VEGF expression in large intestine

H

GLUT5 expression was compared with expression of
LYVE-1 and VEGF by light immunohistochemistry in
contiguous sections and by laser-scanning confocal
microscopy in double staining. Light immunohistochemi
stry revealed the presence of GLUT5 immunoreactivity
in areas that were also LYVE-1 positive (Figure 9a,
b, g and h). GLUT5 positivity was limited to areas
usually located under the epithelium (Figure 9c and i),
whereas LYVE-1 staining was distributed in large areas
of the lamina propria (Figure 9d and j). The GLUT5
expression pattern was generally much more marked
than LYVE-1 labeling, which was formed by short spots
(Figure 9e and f). However, some corresponding areas
in contiguous sections showed GLUT5 immunoreactivity
(Figure 9g and k) but lacked LYVE-1 staining (Figure 9h
and l).
Double immunofluorescence microscopy was con
sistent with light-microscopic evaluation. GLUT5-IR
clusters were found distributed inside LYVE-1 positive

J

Figure 3 Immunoperoxidase staining showing GLUT5 immunoreactivity
in small, rounded vessels in cecum (A and C), ascending (B and I),
transverse (D and E), and sigmoid (F-H) colon of human intestine. No
specific staining is observed in adjacent sections (I and J) when GLUT5
antibody was omitted (J). The boxed area in (D and F) is shown at higher
magnification in (E and G, respectively). Scale bar: (I and J) 125 µm; (A, C, D, F)
50 µm; (B, E, G, H) 10 µm.
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Table 6 Percentage of samples with GLUT5-immunoreactive clusters of vessels in biopsy groups subdivided by patient body mass
index
Patient group

Biopsy status

Large

Intestine

Proximal

Tract

Distal

Tract

Patient

BMI

Patient

BMI

Normal weight, % Over-weight, %
UC
CD
CTRL

Inflamed
Non-inflamed
Inflamed
Non-inflamed
Inflamed
Non-inflamed

71
57
80
100
80
22

Obese, %

20
25
50
0
25
50

0
50
0
0
0
100

Normal weight, % Over-weight, %
70
87
87
50
67
82

43
100
75
0
50
80

Obese, %
33
0
0
0
0
100

BMI: Body mass index; CD: Crohn‘s disease; UC: Ulcerative colitis; CTRL: Controls.

A

B

C

D

E

F

Figure 4 Immunoperoxidase staining showing GLUT5 immunoreactivity in vessel clusters in ascending (A and B), descending (C and D) colon, and rectum
(E and F). The boxed area in (A, C, E) is shown at higher magnification in (B and D, F respectively). Scale bar: (A, C, E) 125 µm; (B, D, F) 25 µm.

areas and formed by numerous vessels, most of which
were irregularly shaped and with ill-defined lumina
(Figure 10a-f and j-l). GLUT5 and LYVE-1 expression
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were never colocalized on the morphologically undefined
wall but rather were expressed in close proximity to
some areas of the endothelium (Figure 10m-o). Some
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A

B

C

D

E

F

Figure 5 GLUT5 immunoreactivity is shown in vessel clusters localized beneath the epithelium (A and B) or around the glands (C and D), and in vacuolar
structures in the epithelium (E and F). The boxed area in (A and C) is shown at higher magnification in (B, D, respectively). Scale bar: (A, C, E and F) 25 µm; (D) 10 µm; (B)
5 µm.

vessels showed only GLUT5 expression (Figure 10g-i).
In addition to staining the lymphatic vessels, LYVE-1
also labeled the brush border membrane of some
epithelial cells which was observed in both immunohis
tochemistry (Figure 9d) and double-immunofluorescent
experiments, in the latter also seen colocalized with
GLUT5 expression (Figure 10p-r).
To further discriminate between lymphatic vessels
and blood vessels, expression of GLUT5 and VEGF
antibodies was compared in contiguous sections using
light immunohistochemistry and immunofluorescence.
Both analyses revealed that VEGF expression was
absent in GLUT5-IR clusters, confirming that GLUT5immunoreactivity is selective for lymphatic vessels
(data not shown).
In control sections, no specific double-labeling was
seen when the second antibody was replaced with
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normal rabbit serum.

DISCUSSION
Here we show that GLUT2, SGLT1, and GLUT5 glucose
transporters are expressed in the epithelial cells of
tissue samples of the large intestine, and that they are
mainly located in the brush border membrane from
IBD and control patients. Also in the colonic mucosa
their location reflects the canonical expression of
the small intestine and confirms the tissue-specific
expression of GLUT isoforms also in humans. However,
unlike the small intestine, their expression is present
only in short epithelial portions, involving a limited
number of cells. We observed no important differences
in glucose transporter expression between the samples
obtained from the proximal and distal tracts and
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B

UC inflamed
UC non-inflamed
CD inflamed
CD non-inflamed
CTRL inflamed
CTRL non-inflamed

140
120
100

Percentage of samples with GLUT5-IR clusters

Percentage of samples with GLUT5-IR clusters

A

80
60
40
20
0

UC

CD

CTRL

UC inflamed
UC non-inflamed
CD inflamed
CD non-inflamed
CTRL inflamed
CTRL non-inflamed

140
120
100
80
60
40
20
0

UC

CD

CTRL

Figure 6 Bar graphs of the percentage of samples with GLUT5-immunoreactive clusters of lymphatic vessels in the proximal tract (Panel A) and distal
tract (Panel B) of large intestine of patients with ulcerative colitis, Crohn’s disease, and controls. Inflamed and non-inflamed mucosa can be distinguished
for each patient group. In the UC and CTRL groups, the percentage is similar for inflamed and non-inflamed mucosa in the proximal tract, and higher for noninflamed than inflamed mucosa in the distal tract. In the CD group, the percentage is higher for inflamed than non-inflamed mucosa in both the proximal and the distal
tract. UC: Ulcerative colitis; CD: Crohn’s disease; CTRL: Controls.

A

B

C

D

Figure 7 Scanning electron (A and C) and light (B and D) microscopy images of a sample of descending colon with non-inflamed mucosa after
immunoperoxidase GLUT5 staining from a ulcerative colitis patient. Scale bar: (A and B) 250 µm; (C and D) 100 µm.

between the different patient groups. Nevertheless,
we consider this finding important as it provides the
first evidence for the distribution of glucose transporter
immunoreactivity throughout the epithelial tract of
the human large intestine. Because of the limited
expression of the glucose transporters, we were unable
to compare their expression across the three patient
groups. However, we believe that our data support
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previous findings. In humans, GLUT5 expression has
been observed in normal colonic cells; expression of
both GLUT2 and GLUT5 has been reported in colon
carcinoma and expression of GLUT5 with higher levels
[23]
of staining than in normal colon cells . GLUT2 and
GLUT5 have been found to be overexpressed in many
other types of tumors. Since both transporters are
involved in fructose uptake, it was suggested that
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Figure 8 Light (A-C) and scanning electron (D-H) microscopy images of a sample of descending colon with non-inflamed mucosa after immunoperoxidase
GLUT5 staining from a UC patient. The boxed areas in (A) and (D) are corresponding areas and are shown enlarged in (B) and (G), respectively. The yellow area in (E)
represents the immunostaining area shown in (B). The boxed area in (B, E, G) is shown at higher magnification in (C, F, H, respectively). Scale bar: (D) 100 µm ; (A, E,
G) 50 µm; (B) 25 µm; (C, F, H) 5 µm.
[23]

tumor cells utilize fructose as an energy substrate .
On the other hand, while excessive, chronic con
sumption of the GLUT5 and GLUT2 substrate fructose
has been associated with numerous diseases and
syndromes, including hypertension, obesity, diabetes,
hyperinsulinemia, and non-alcoholic fatty liver disease,
the role of fructose transporters in causing or contributing
[10]
to the diseases is still unclear .
In addition, we also identified GLUT5 expression in
vessels, mainly concentrated in specific areas where
the vessels were clustered. This staining was dete
cted in the samples from IBD and control patients.
Furthermore, immunohistochemical and SEM evaluation
revealed that the vessels in the GLUT5-IR clusters
had a reticular architecture, indistinct and dilated
lumen, and were labeled on the endothelium that
appeared to be fragmented. Large spaces between
the vessels were present. Immunostaining with
LYVE-1, a specific marker of lymphatic endothelium,
and GLUT5 antibodies in contiguous sections revealed
that GLUT5-IR clusters of vessels were concentrated
in areas that were well-circumscribed but internal to
those that were LYVE-1 positive. This finding was also
confirmed in double staining studies. GLUT5 and LYVE-1
did not appear to be colocalized but rather showed a
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close topographical relationship on the endothelium
lining the lumen. Based on their LYVE-1 expression,
GLUT5-IR vessels were unambiguously identified as
lymphatic. We interpreted the presence of clusters as
an impaired pattern of lymphatic capillary networks,
probably related to proliferative zones, and consisting
of vessels with morphological characteristics resembling
those of immature lymphatics. They differed markedly
from the vessels that we classified as “normal”, which
were characterized by a well-defined lumen lined by
endothelial cells, a rounded appearance, and a nonaggregated distribution.
To the best of our knowledge, this is the first study
to provide evidence that GLUT5 expression is associated
with lymphatic vessels in controls and UC and CD
patients. This novel finding yields further insight into
the characterization of lymphatic vasculature, whose
dysfunction is a long-recognized feature in humans with
IBD.
There is considerable evidence for the proliferative
expansion of lymphatic vessels during the course of
[39-41]
inflammatory disease
. Alteration and remodeling
of the lymphatic system, besides blood vessel angio
[42-44]
genesis, are implicated in IBD
. Increased lymphatic
vessels density is a well-established feature in biopsy
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Figure 9 Immunoperoxidase staining showing GLUT5 and LYVE-1 immunoreactivity in samples of the distal tract of large intestine from UC (A-F) and
CD (G-L) patients. In both samples, the mucosa was non- inflamed. The boxed area in (A and B) is enlarged in (C and D, respectively), the area in (C and D) is
enlarged in (E and F, respectively), the area without an asterisk in (G and H) is enlarged in (I and J, respectively), the area with an asterisk in (G and H) is enlarged in (K
and L, respectively). Scale bar: (A, B, G, H) 100 µm; (C, D, I-L) 25 µm; (E and F) 10 µm.
[53,54]

samples from CD and UC patients and is correlated with
[42,44-47]
disease severity
. Similarly, a reduced density of
lymphatic vessels was demonstrated to be associated
[46]
with CD recurrence .
Moreover, studies have reported that lymphatic
vessel dysfunction contributes to perpetuating intestinal
inflammation in both UC and CD patients and that the
intestinal lymphatic system can profoundly influence
[48,49]
gut immune homeostasis
. However, it is still unclear
whether expansion of the lymphatic network in IBD is
a defensive mechanism or contributes to worsening the
condition. It can be interpreted as a protective/adaptive,
local response linked to the necessity to reduce fluid
accumulation and to remove infiltrated immune cells,
thus limiting further tissue injury. But lymphatic vessels
also undergo morphological and functional changes in
inflammatory conditions that impair their ability to drain
[50]
fluid .
Lymphangiectasia is typically observed in the colonic
[44,45]
mucosa of CD and UC patients
, and impaired
intestinal lymphatic transport function was found to play
[51,52]
a role in the early-stages and development of IBD
.
The relevance of the lymphatic transport function in
IBD was also demonstrated in an experimental murine
model that showed that acute colitis was aggravated by
compromised lymphatic function; in contrast, immune
cell clearance, fluid transport, and course of the disease
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were improved by induction of lymphangiogenesis
.
While it is beyond doubt that increased lymphatic
vessel density is closely linked to inflammatory disease,
whether this process in IBD is an event that precedes
inflammation or is its direct consequence remains to be
elucidated.
Here we demonstrated a relevant presence of
GLUT5-IR clusters of lymphatic vessels in both inflamed
and non-inflamed tissue samples of large intestine
from IBD and CTRL patients. The intestinal distal tract
was, by far, the area most affected by their presence,
especially in the UC and CTRL groups. This finding is
consistent with the abundance of lymphatic tissue in the
[50]
most distal regions of the intestine .
To our surprise, we found more non-inflamed than
inflamed tissue samples expressing GLUT5-IR clusters
in the distal tract of the UC patients and controls:
these percentages were similar across all three patient
groups when classified by BMI. Differently, in the CD
patients, similar results were found for the proximal and
the distal intestinal tract, and the number of inflamed
samples with GLUT5-IR clusters was higher than noninflamed tissue samples, also in relation to the BMI of
patients. Our data indicate that GLUT5-IR clusters are
present in both UC patients and controls, and that their
presence does not appear to be conditioned by the
level of inflammation of the mucosal area where the
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Figure 10 Double-immunofluorescent confocal microscopy showing expression of GLUT5 (red) with LYVE-1 (green) in samples of descending colon from
UC (A-C, J-R) and CD (D-I) patients. The mucosa was inflamed in the UC sample and non-inflamed in the CD sample. The boxed area in (D-F) is shown at higher
magnification in (G-I, respectively); the boxed area in (J-L) is shown at higher magnification in (M-O, respectively). Scale bar: (C, F, L, R) 20 µm; (I, O) 10 µm.

clusters are found. The opposite finding in the CD group
may indicate a particular aspect of this condition. Since
the amount of tissue analyzed in the CD patients was
limited, it may not be completely representative of the
whole group, however.
The few studies that have investigated the relation
ship between lymphoproliferation and inflammation of
the area where it occurs have shown that lymphatic
proliferation and inflammation do not occur in close
association. Several explanations for this have been
proposed. Increased lymphatic vessel density has been
documented as a persistent feature in samples from
IBD patients, in which it was also observed in fibrotic
specimens from end-stage disease characterized by
[42]
low inflammation . Similarly, the increased lymphatic
vessel density detected in both the inflamed and noninflamed tissue samples from the UC and CD patients
has been interpreted as a process that occurs before
the disease becomes clinically active, and therefore
[46]
can manifest itself independent of inflammation .
No obvious correlation between increased lymphatic
vessel density and inflammation was demonstrated
in the colonic mucosa of the UC patients, where it has
been predicted that structural changes in the mucosa,
including “muscularis mucosa expansion, infiltration by
muscle fibers, and filiform epithelial changes” are an
[45]
essential prerequisite to justify lymphatic proliferation .
Both these interpretations may also be consistent
with our data: the first is especially valid for the controls
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where the presence of vessel clusters can be a sub
clinical aspect, at times not necessarily related to
a particular pathology. The second can be valid for
IBD: we sometimes observed vacuolar structures
in the epithelium over the areas where lymphatic
vessel clusters were present and altered epithelial cell
integrity. Recent studies have shown that epithelial
barrier dysfunction in IBD can contribute to disease
progression by activating immunoregulatory processes,
probably following increased exposure of the mucosa
[55-58]
to the luminal microbiota or their products
. Although
the underlying mechanism is unclear, defects in intes
tinal barrier function are now attributed a direct or
indirect role in the onset or progression of IBD. We
observed morphological epithelial damage limited to
certain areas of the epithelium in some samples and
only at the light microscope, in which the real damage
may be underestimated.
Other mechanisms/factors have been investigated
to explain the stimulation of lymphatic vessels in IBD,
given that it may occur via different processes in UC and
CD. Lymphatic system expansion during inflammation
in peripheral tissues progresses through the expansion
and proliferation of an existing vascular network or
[40,59]
sprouting of new vessels (lymphangiogenesis)
.
However, the expression of lymphangiogenic factors
(e.g., VEGF-C, VEGF-D) and cytokines (e.g., TNF
and IL-1b), which have been found to be increased
in inflammatory conditions, were decreased in the
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inflamed and non-inflamed colonic tissues of the IBD
[46,60]
patients
.
LYVE-1 has also been demonstrated to be selec
tively expressed in inflammation. In cultured primary
lymphatic endothelial cells, LYVE-1 uptake and degra
dation and inhibition of its gene expression were seen to
occur under the stimulus of pro-inflammatory cytokines,
leading to a subsequent reversible loss of the surface
[61]
expression of LYVE-1 . Subsequently, quantification of
LYVE-1 by RT-PCR in human colonic mucosa revealed a
lower mRNA level in both the non-inflamed and inflamed
samples from the UC patients than in the controls, but
no differences in LYVE-1 mRNA levels were seen in the
[46]
CD patients . In the UC patients, the reduction was
more evident in the non-inflamed than the inflamed
samples.
In this study, double-immunofluorescence staining
revealed that GLUT5-IR clusters were present in zones
with LYVE -1 positivity, however, the appearance of the
vessels inside the clusters was very heterogeneous, as
was their phenotypic expression: GLUT5-positive but
LYVE-1 negative or GLUT5-negative but LYVE-1 positive
vessels were often identified, whereas the simultaneous
expression of LYVE-1 and GLUT5 was limited to
restricted endothelial areas of some clustered vessels.
In the cases where LYVE-1 was missing, we saw the
expression of GLUT5, which appeared in close continuity
with LYVE-1, without ever being colocalized with it.
These data strongly suggest a reduced expression of
LYVE-1, which may depend on the different degrees
of vessel differentiation within the clusters. There is
considerable evidence that immature vessels lack
LYVE-1 expression, particularly intratumoral lymphatic
vessels, that differ morphologically from lymphatic
[62,63]
vessels found within normal tissue
. The reason
for this difference is unclear; however, it has been also
demonstrated that altered expression of lymphatic
endothelial markers such as LYVE-1 may compromise
[50]
lymphatic transport function .
Collectively, our results regarding GLUT5 expres
sion in IBD patients are consistent with previous data
obtained for lymphatic proliferation in IBD. The presence
of GLUT5 alone does not imply that it is involved in
lymphatic proliferation because it was found to be
expressed in both normal and clustered lymphatic
vessels. However, its expression indicates that GLUT5
may play a role in controlling the formation of lymphatic
vessels. It is plausible that aberrant lymphatic growth in
clusters may result from the effect of GLUT5 on cellular
mechanisms underlying the differentiation of new
lymphatic vessels. It may also be that fructose, GLUT5
being its main transporter, may be the energy substrate
that endothelial cells use for lymphatic expansion.
In this regard, we speculate that fructose present in
the lumen may have some effect on the proliferation of
these vessels. We found that a percentage of samples
expressed GLUT5 in the brush border membrane of
epithelial cells from both the UC and CTRL patients.
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This finding merits further investigation because it
could be a clear example of crosstalk between the cells
projecting into the intestinal lumen and underlying
environments.
In conclusion, our study provides evidence that
GLUT2, SGLT1, and GLUT5 glucose transporters are
expressed in the epithelial cells of the mucosa of the
large intestine of IBD and control patients. Furthermore,
both inflamed and non-inflamed mucosal colorectal
tissue biopsies from the IBD and control patients
showed GLUT5-IR lymphatic vessel clusters. This finding
aids in the characterization of lymphatic vessels in IBD.
As GLUT5 is the main fructose transporter in the human
intestine, it is conceivable that fructose is a metabolic
substrate that has a role in the atypical aggregation of
lymphatic vessels.
Quantification of lymphatic vessel density in the
gastrointestinal tract, particularly in cancer and chronic
inflammatory disease, holds interest because it can
be predictive of the early stages of disease. In this
regard, GLUT5 expression on endothelial lymphovascular cells may have implications for routine use in
the histopathological evaluation of lymphangiogenesis,
also in combination with LYVE-1, a marker of lympha
tic endothelium that can be down-modulated under
inflammatory conditions.
A future area of focus is the precise function of
GLUT5 expression in lymphatic vessels and the factors
that interfere with the development or maintenance of
IBD.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Glucose transporter expression is present throughout the digestive system,
greatest in the small intestine and least in the terminal ileum. Most studies to
date on glucose transporters in the gastrointestinal tract have been performed
using biochemical rather than standard immunohistochemical analysis also in
humans.

Research motivation

The localization and distribution of glucose transporters in the intestinal mucosa
of the human colon has not yet been clarified despite evidences that support
the role of glucose transporters in broad areas of pure glucose absorption and
metabolism, such as inflammation, malignancy, and gut microbiota regulation.

Research objectives

The aim of this study was to investigate by immunostaining at light and confocal
microscopy the expression of the major intestinal glucose transporters (GLUT2,
SGLT1, GLUT5) in human colonic mucosa in control subjects and subjects with
IBD.

Research methods

Patients diagnosed with ulcerative colitis or Crohn’s disease and scheduled for
diagnostic colonoscopy were enrolled. Patients who underwent colonoscopy for
prevention screening of colorectal cancer or were followed-up after polypectomy
or lower gastrointestinal symptoms were designated as the control group.
Colorectal samples were obtained from patients undergoing lower endoscopic
colonoscopy or recto-sigmoidoscopy. Biopsies of portions of the colonic tract
(cecum, ascending colon, transverse, descending, sigmoid colon, rectum) were
taken for diagnostic purposes according to the endoscopist’s judgment and for
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immunohistochemistry. Inflammatory status of the mucosa at the sampling site
was evaluated endoscopically and histologically.
Samples were fixed in formaldehyde and embedded in paraffin. The
expression of GLUT2, SGLT1, and GLUT5 glucose transporters was
investigated using immunoperoxidase labeling. Immunoreactivity of GLUT5
was compared with that of LYVE-1, which is a marker for lymphatic vessel
endothelium, using double-labeled confocal microscopy.

7

8

Research results

9

GLUT2, SGLT1, and GLUT5 glucose transporter immunostaining was found
in short epithelial portions of the large intestine from IBD and control patients.
No difference in glucose transporter expression was observed between the
samples obtained from the proximal and distal tracts and between the different
patient groups. GLUT5 immunostaining was also detected in vessels, which
were mainly concentrated in specific areas. In double fluorescent-labeled
sections with GLUT5 and LYVE-1, GLUT5-immunoreactive clusters of vessels
were concentrated in areas internal to those that were LYVE-1 positive. The
GLUT5 and LYVE-1 labeling patterns were never colocalized but rather showed
a close topographical relationship on the endothelium lining the lumen. Based
on their LYVE-1 expression, GLUT5 immunoreactive vessels were identified as
lymphatic and observed both in inflamed and non-inflamed mucosal colorectal
tissue biopsies from the IBD and CTRL patients. This novel finding yields further
insight into the characterization of lymphatic vasculature, whose dysfunction is
a long-recognized feature in humans with IBD.

10
11

12

13

Research conclusions

This study provides evidence that GLUT2, SGLT1, and GLUT5 glucose
transporters are expressed in the colorectal mucosa in controls and IBD
patients. Furthermore, it provides first evidence that GLUT5 expression
is associated with lymphatic vessels in controls and IBD patients. Its
expression indicates that GLUT5 may play a role in controlling the formation
of lymphatic vessels. GLUT5 expression on endothelial lymphovascular cells
may have implications for routine use in the histopathological evaluation of
lymphangiogenesis, also in combination with LYVE-1, a marker of lymphatic
endothelium that can be down-modulated under inflammatory conditions.

14

15

Research perspectives

16

A future area of focus is the precise function of GLUT5 expression in lymphatic
vessels and the factors that interfere with the development or maintenance of
IBD.
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Abstract
AIM
To assess the viability of orthotopic and heterotopic
patient-derived pancreatic cancer xenografts implanted
into nude mice.

Core tip: Several investigations have established patientderived xenograft models for breast, renal, head and
neck cancer, and hepatocellular tumours. Some of these
models have predicted the clinical response of a specific
type of tumour to different chemotherapeutic agents.
However, the morphological and histological features
of human pancreatic cancer xenografts in experimental
models have been poorly studied. In the present study,
the effectiveness of three experimental models based
on the implantation of patient pancreatic cancer in three
different locations (subcutaneous, intraperitoneal and
pancreatic) have been assessed for the first time.

METHODS
This study presents a prospective experimental
analytical follow-up of the development of tumours
in mice upon implantation of human pancreatic ade
nocarcinoma samples. Specimens were obtained
surgically from patients with a pathological diagnosis
of pancreatic adenocarcinoma. Tumour samples from
pancreatic cancer patients were transplanted into
nude mice in three different locations (intraperitoneal,
subcutaneous and pancreatic). Histological analysis
(haematoxylin-eosin and Masson’s trichrome staining)
and immunohistochemical assessment of apoptosis
(TUNEL), proliferation (Ki-67), angiogenesis (CD31)
and fibrogenesis (α-SMA) were performed. When a
tumour xenograft reached the target size, it was reimplanted in a new nude mouse. Three sequential
tumour xenograft generations were generated (F1, F2
and F3).

Rubio-Manzanares Dorado M, Marín Gómez LM, Aparicio
Sánchez D, Pereira Arenas S, Praena-Fernández JM, Borrero
Martín JJ, Farfán López F, Gómez Bravo MÁ, Muntané Relat
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Gastroenterol 2018; 24(7): 794-809 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v24/i7/794.htm DOI: http://
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RESULTS
The overall tumour engraftment rate was 61.1%. The
subcutaneous model was most effective in terms of
tissue growth (69.9%), followed by intraperitoneal
(57.6%) and pancreatic (55%) models. Tumour
development was faster in the subcutaneous model
(17.7 ± 2.6 wk) compared with the pancreatic (23.1
± 2.3 wk) and intraperitoneal (25.0 ± 2.7 wk) models
(P = 0.064). There was a progressive increase in the
tumour engraftment rate over successive generations
for all three models (F1 28.1% vs F2 71.4% vs
F3 80.9%, P < 0.001). There were no significant
differences in tumour xenograft differentiation and cell
proliferation between human samples and the three
experimental models among the sequential generations
of tumour xenografts. However, a progressive decrease
in fibrosis, fibrogenesis, tumour vascularisation and
apoptosis was observed in the three experimen
tal models compared with the human samples. All
three pancreatic patient-derived xenograft models
presented similar histological and immunohistochemical
characteristics.

INTRODUCTION
The development of chemotherapeutic agents for
pancreatic cancer is closely related to the evolution
of experimental models. Over the past 50 years,
subcutaneous xenografts derived from cancer cell lines
[1-3]
grown in vitro have been widely used . A multitude
of anticancer drugs have been tested using these
[4]
preclinical models . However, drugs that demonstrate
benefits in animal models are not necessarily effective
[3,5-7]
in humans
.
Since the 1970s, human cancer samples obtained
by biopsy or surgery have been implanted directly into
[5,8-10]
mice
. These patient-derived xenografts (PDX), also
known as tumour xenografts, were initially abandoned
[10]
because of their high rejection rate . Recently, this line
of research has been reinitiated due to the development
of genetically-modified immunodeficient mice, which
[5,11-13]
has increased the success rate of grafting
.
This PDX model has become competitive in the
study of pancreatic cancer, particularly for predicting
the clinical response to chemotherapy, owing to the
[5]
better clinical predictive ability of this model . Our

CONCLUSION
In our experience, the faster development and
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We included patients diagnosed with pancreatic adenocarcinoma who underwent an exploratory laparotomy from May 17, 2012 to February 13, 2014 at the Virgen del
Rocío University Hospital in Seville, Spain. All patients signed a written informed consent form for inclusion in the study, which had been previously approved by the
Ethics Committee. The exclusion criteria for the study were tumours not identified as pancreatic adenocarcinoma, patients under 18 years old, or those who had not
given written consent for the use of their samples.
Eleven samples were obtained from a total of 10 patients. Samples were obtained by cephalic pancreatoduodenectomy (n = 9) and distal pancreatectomy (n = 1).
Two samples were obtained from the same patient (H4), comprising an interaortocaval lymph node metastasis and a sample extracted from the pancreatic tumour (Table

Patients

This study presents a prospective experimental analytical follow-up of the development of tumours in mice upon implantation of human pancreatic adenocarcinoma
samples. Specimens were obtained surgically from patients with a pathological diagnosis of pancreatic adenocarcinoma. Human cancer samples were implanted as
tumour xenografts in three experimental models. All animal experimentation procedures were approved by the Animal Research Committee of the University of Seville,
Spain (protocol number CEEA-US2014-013/5).

MATERIALS AND METHODS

group has successfully applied this procedure for the implantation of colorectal cancer patient-derived xenografts into nude mice . In the present study, we assessed
for the first time the effectiveness of three experimental models based on the implantation of pancreatic cancer PDX in different locations (subcutaneous, intraperitoneal
and pancreatic). To date, no studies have investigated the characteristics of a series of pancreatic tumour xenografts placed orthotopically. The aim of this study was to
assess the viability of orthotopic (intrapancreatic) and heterotopic (intraperitoneal and subcutaneous) PDX of human pancreatic cancer implanted into nude mice, and to
determine which location better maintains human histological and immunohistochemical characteristics.

[14]

TNM classification according to the 2010 American Joint Committee on Cancer classification for pancreatic cancer stratification[18]. Histological grade: G1, well differentiated; G2, moderately differentiated; G3, poorly
differentiated. PC: Pancreatic cancer; Ph: Pancreas head; Pb: Pancreas body; Pt: Pancreas tail; PD: Pancreatoduodenectomy; DP: Distal pancreatectomy; DAC: Ductal adenocarcinoma.

F/75
F/77

Sex/Age
(yr)

H1
H2

Code

Table 1 Demographic characteristics and anatomopathological diagnosis
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Figure 1 Masson’s trichrome staining of a F2 subcutaneous model (magnification × 500). Black arrow shows the decreased fibrosis between the tumour glands.

1). Samples were immediately dissected from the
surgical specimen by a pathologist, who confirmed the
pathological diagnosis of pancreatic adenocarcinoma.
The surgical samples obtained from each patient were
divided into five equally sized portions of 3 mm × 3 mm
× 3 mm. Samples were placed immediately into culture
medium (Nutrient mixture F-10 Ham; Sigma-Aldrich, St.
Louis, MO, United States) containing 20% foetal bovine
serum that had been previously maintained at 2-8 ℃.
Samples were maintained on ice until implantation
(from 30 min to 2 h). Three specimens were used
as tumour xenograft implants at the subcutaneous,
pancreatic and intraperitoneal locations. The remaining
two specimens were used for anatomopathological and
immunohistochemical analyses.

Implantation into nude mice

musculature was pulled with the dissecting clamp to
prevent an accidental enterotomy. The corresponding
tumour xenograft was placed intraperitoneally, and the
abdominal wall was immediately closed.

Establishment of tumour generations

Mice were monitored daily for discomfort or distress
and for tumour growth. Tumours were observed until
they reached a maximum length of 10 to 15 mm. At
this time, mice were anesthetized and then euthanized
by cervical dislocation. All personnel had been properly
trained and consistently applied the technique humanely
and effectively. The tumour was then harvested under
sterile conditions. Animals that showed no tumour
growth were euthanised 20 wk after the implantation.
An explorative laparotomy was performed to evaluate
tumour growth. Tumour xenografts were successively
re-implanted into a new nude mouse over three sequ
ential generations (F1, F2 and F3) or cryopreserved in
a freezer. In this way, tumour fragments from an F1
generation mouse were re-implanted into three mice
at the three different locations in order to establish the
F2 generation. Donor mice (bearing F1 tumours) were
euthanised by cervical dislocation, and five tumour
samples with a size of 3 mm × 3 mm × 3 mm were
obtained, of which one was immediately fixed in 4%
paraformaldehyde for histological analysis, done was
frozen in liquid nitrogen for immunohistochemical
analysis, and the other three were maintained in culture
medium for re-implantation. Necropsy was performed
on donor mice. This process was repeated until im
plantation of the F3 generation tumour xenograft into
the nude mice.

nu

Male Hsd:Athymic Nude-Foxn1 mice (severe combined
immunodeficient) aged 6 to 8 wk and weighing 20 to 25
g were purchased from Harlan Laboratories (Barcelona,
Spain). Male mice were used to avoid hormonal inter
ference. Mice were anesthetized in a laminar flow
cabinet using ketamine (80 mg/kg), xylazine (10
mg/kg) and droperidol (100 mg/kg) intraperitoneally
under sterile conditions.
Three experimental models of tissue implantation
were developed: (1) Subcutaneous model: A 2–3-mm
incision was made with a scalpel on the back of the
nude mouse approximately 10 mm from the base of
the tail. A subcutaneous pouch was dissected with
scissors. The tumour tissue was gently introduced
into the corresponding pouch, which was then closed
by separated sutures using 3/0 silk (Figure 1); (2)
Pancreatic model: The nude mouse was placed in
the right lateral decubitus position and a 3-mm left
subcostal incision was made 1 mm from the rib cage.
The tail of the pancreas was completely exposed using
a cotton swab, which helped us to locate the spleen.
Using a resorbable 4/0 suture, the tumour xenograft
was sutured onto the tail of the mouse pancreas; and
(3) Intraperitoneal model: A 3-cm medium laparotomy
was performed about 10 mm from the pubis. The
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Histological analysis of tumours

The harvested xenograft tumours were fixed in a
10% formalin solution and then embedded in paraffin.
The tissue was stained with haematoxylin and eosin
and Masson’s trichrome stain. For the assessment
of samples stained with haematoxylin and eosin and
Masson’s stain, two different pathologists reviewed all
samples twice with a week between each measurement.
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Measurements were always performed early in the
morning.

the Cell Sens Dimensions software (Olympus America
Inc.). We determined the cut-off level of expression of
each protein studied using the Cut-off Finder software
[16,17]
version 2.1
.

Tumour differentiation

Tumour differentiation was evaluated with haematoxylin
and eosin staining. Samples were classified as either
well differentiated (well-formed tumour glands with a
small nucleus relative to the cytoplasm), moderately
differentiated (irregular tumour glands with higher
cellular atypia and pleomorphic nuclei) and less differ
entiated (very poorly defined tumour glands, which
sometimes acquired a solid pattern, greater archite
ctural and cellular atypia, pleomorphic and large nuclei
relative to the cytoplasm and a visible nucleolus).
The World Health Organisation guidelines state
that well-differentiated tumours have fewer than five
mitoses in 10 high-growth fields; moderately differen
tiated tumours have from 5 to 10 mitoses; and less
[15]
differentiated tumours have more than 10 mitoses .
The number of mitoses was calculated by counting
the number of cells undergoing mitosis in 10 highmagnification fields at 40 × magnification. The same
samples were previously examined at 10 × magnification
to identify the area in which cells undergoing mitosis
were concentrated, and counting began in these areas.
Of the two measurements of mitosis for each sample,
the highest value was taken.

Study variables

We analysed tumour development (tumour growth
greater than 1-1.5 cm or the presence of metastases),
disease-free time (time in weeks from tumour xenograft
implantation until the tumour had reached the target
size), mortality (mice that died spontaneously without
intervention by the investigators), postoperative
mortality (death during the first 24 h after surgery or
on subsequent days as the result of direct failure of the
surgical technique) and body weight (weekly weight of
the implanted mice measured in grams).
The variables related to histological assessment
included differentiation of the tumour and evaluation
of the stroma. The variables related to the immunohi
stochemistry analysis were tumour cell proliferation
and stromal cell activation, which was assessed by
measuring fibrogenesis, angiogenesis and apoptosis.

Statistical analysis

Statistical analyses were carried out using SPSS® for
Windows software version 21.0 (SPSS Inc., Chicago,
IL, United States). Quantitative variables are presented
as the mean ± SE. Qualitative variables are expressed
as frequencies and percentage. The chi-square exact
test or the Fisher’s exact test were used for the
evaluation of tumour development, pathology and im
munohistochemistry. A P-value ≤ 0.05 was considered
significant. The Bonferroni correction was applied for
post hoc analysis. The Kaplan-Meir with Log Rank Test
was used to analyse disease-free time and tumour
development time.

Evaluation of stromal tissue within the tumour

The degree of fibrosis in the intra- and peritumoral
areas was evaluated with Masson’s trichrome staining
on a scale from 1 to 4, with 1 corresponding to the
minimum and 4 to the maximum degree of fibrosis
between the tumour glands. There is no published
classification system to assess the degree of fibrosis in
pancreatic tumours. There is a subjectivity component
in this assessment, which can lead to a degree of inter[13]
observer variability .

RESULTS
Tumour characteristics

Immunohistochemistry

The demographic and tumour characteristics of the
patients, as well as the information regarding F1
[18]
engraftment, are summarised in Table 1 .
The overall tumour engraftment rate was 61.1%
(58/95) over the three generations. Tumour xenograft
development at F1 (from human to mouse) was signifi
cantly lower (28.1%) than in successive implantations,
in which the tumour xenograft transplantation was
performed from mouse to mouse (F2 71.4% and F3
80.9%; P < 0.001). We also observed faster tumour
xenograft development in the transplantation between
mice (F2 and F3) when compared to the implant from
humans to mice (F1 33.7 ± 2.5 wk vs F2 15.5 ± 1.8 wk
vs F3 16.1 ± 1.9 wk, P < 0.001, Figure 2).
Analysis of tumour engraftment in the three
models showed that the subcutaneous model was the
most prolific (69.9%), followed by the intraperitoneal
(57.6%) and pancreatic (55.0%) models.

Different tumour characteristics were assessed by
immunohistochemistry, specifically cell proliferation
(Ki67), cell death (TUNEL), angiogenesis (CD31) and
fibrogenesis (α-smooth muscle actin, or alpha-SMA).
This process involves the use of specific primary
antibodies for the detection of Ki-67 (FLEX monoclonal
mouse anti-human Ki-67 antigen, clone MIB-1, ref
IR626; DAKO Denmark A/S), TUNEL (TACSTM TdT kit,
TA4625; R&D Systems, Inc., MN, United States), CD31
(polyclonal anti-CD31, ab28364; Abcam, Cambridge,
United States) and α-SMA (polyclonal anti-alpha-SMA,
ab5694; Abcam, Cambridge, United States). The
fluorescence emitted by a secondary antibody (Alexa
488 anti-rabbit/goat/mouse IgG; Abcam, Cambridge,
United States) that was common to all proteins studied
was measured using a fluorescence microscope (BX61,
Olympus America Inc.) in a darkened room to avoid
loss of fluorescence, and analysis was performed using
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Table 2 Impact of clinical characteristics on the engraftment of the first generation (F1) xenograft in mice n (%)
Variables

Number of patients

Number of F1 tumours produced

Impact of clinical characteristics on
1
tumour take rate (P value)

2
8

0 (0)
5 (62.5)

0.444

5
5

2 (40)
3 (60)

0.999

9
2

3 (33.3)
2 (100)

0.180

0
10

0
5 (50)

<0.001

7
3

2 (28.6)
3 (100)

0.160

9
1
0
1

4 (50)
0 (0)
0
1 (100)

Not available

3
7

1 (33.3)
4 (57.1)

0.999

6
4

3 (50)
2 (50)

0.999

2
8

1 (50)
4 (50)

0.999

Age (yr)
< 70
≥ 70
Gender
Male
Female
Histology
ADCP
Ampulloma
Differentiation
G1
G2 + G3
Staging
≤ Ⅱ (Ⅰ or Ⅱ)
> Ⅱ (Ⅲ or Ⅳ)
Tumour origin
Head
Tail
Body
Metastases
Perineural invasion
Yes
No
Lymph node metastasis
Yes
No
Distant metastases
Yes
No
1

Statistical analyses were performed using Fisher’s test, with P < 0.05 considered statistically significant.

% Accumulated tumor free mice

in the subcutaneous model (17.7 ± 2.6 wk) than in the
intraperitoneal (25.0 ± 2.7 wk) and pancreatic (23.1
± 2.3 wk) models, although there was no significant
difference between them (P = 0.063).
The probability that a certain patient characteristic
could be related to successful engraftment in mice was
evaluated (Table 2). Our analysis did not identify any
correlation between the progression of engraftment
with patient age or gender, tumour stage, tumour
differentiation status (histology) or tumour location
(head, body or tail of the pancreas or metastases), nor
with the presence of lymph nodes metastases, distant
metastasis or perineural invasion.

F1
F2
F3
F1-censored
F2-censored
F3-censored

100
80
60
40
20
0
0

10

20

30

40

50

Time to tumorgraft engraftment (wk)

Anatomopathological and immunohistochemical
assessment of tumour samples

Figure 2 Time until tumour engraftment for successive re-implants.

Tumour differentiation was analysed in all three models.
Most of the human samples were moderately differ
entiated (72.7%) (Figure 3). No significant differences
were observed between human pancreatic cancer
samples and any of three tumour xenograft models
(Table 3).
With regard to the assessment of stromal tissue,
the human samples showed higher fibrosis than
the mice samples (P = 0.044). More than one third
(36.3%) of the human samples displayed very high
fibrosis (Figure 4). When the experimental models

The overall mortality of mice was 13.6%. Post
operative mortality was 4.2%. Mortality was also
analysed for each model, for which the lowest mortality
was 9.1% in the subcutaneous model, followed by
15.2% in the intraperitoneal model and 17.2% in the
pancreatic model.
The time taken to reach the target size of the
tumour xenograft (1.5 cm) in the three models was
analysed. We observed that the time taken was shorter
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Subcutaneous
H1

Intraperitoneal
H1

Pancreas
H2

Human

F1

F2

F3

Figure 3 Haematoxylin-eosin staining through successive generations and PDX models. Tumour differentiation was maintained with successive re-implants
and in the three PDX models (magnification × 500). H1: Sample from Human 1; H2: Sample from Human 2.

were analysed individually, no significant differences
were observed compared with the human samples,
although the intraperitoneal model seemed to show a
trend towards a lower degree of fibrosis (Table 3).
The results of the immunohistochemistry assessment
are summarised in Table 4.
Concerning cell proliferation, as indicated by Ki67
staining, no differences were observed between the
three experimental models (Figure 5). However, sig
nificant differences in fibrogenesis were detected
between the human samples and the animal models (P
< 0.001). All human samples showed high fibrogenesis
(n = 11) in clear contrast to the PDX models, which
showed a lower degree of fibrogenesis (Figure 6).
In addition, up to 87.5% of the pancreatic model
samples presented low α-SMA expression (Table 4).

WJG|www.wjgnet.com

Similarly, a decrease in angiogenesis was observed in
all models, but the reduction was more pronounced in
the pancreatic model (P = 0.0027; Table 4 and Figure
7). A significant difference in apoptosis was found
between the human samples and the animal models
(round to P = 0.001). Most of the human samples
showed elevated apoptosis (72.7%), which was in
contrast to the experimental models for which most
samples presented only mild apoptosis (Figure 8). In
addition, up to 93.8% of the pancreatic model samples
presented slight apoptosis (Table 4).

DISCUSSION
This study was designed to examine the usefulness of
a pancreatic tumour xenograft model by focusing on
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Table 3 Impact of histology on experimental models n (%)
Human (n = 11)

Subcutaneous (n = 23)

Intraperitoneal (n = 17)

Pancreas (n = 16)

P 1 value

2 (18.2)
8 (72.7)
1 (9.1)

7 (30.4)
7 (30.4)
9 (39.1)

5 (29.4)
4 (23.5)
8 (47.1)

3 (18.8)
8 (50)
5 (31.3)

0.205

4 (36.3)
3 (27.2)
0 (0)
4 (36.3)

12 (52.1)
5 (21.7)
4 (17.3)
2 (8.6)

6 (35.2)
9 (52.9)
2 (11.7)
0 (0)

6 (37.5)
3 (18.8)
5 (31.3)
2 (12.5)

0.044

Impact of differentiation
Differentiated
Moderately differentiated
Undifferentiated
Impact of fibrosis
Mild
Moderate
High
Very high

Statistical analyses were performed by the χ 2 exact test, with P < 0.05 considered statistically significant.

1

Subcutaneous
H1

Intraperitoneal
H1

Pancreas
H2

Human

F1

F2

F3

Figure 4 Masson’s trichrome staining through successive generations and PDX models. The human samples showed higher fibrosis than the mice samples.
Tumour stromal tissue was maintained in the three PDX models (magnification × 500). H1: Sample from Human 1; H2: Sample from Human 2.
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Table 4 Impact of immunohistochemistry on experimental models n (%)
Human (n = 11)
Impact of cell proliferation (Ki67)
Mild
High
Impact of fibrogenesis (α-SMA)
Mild
High
Impact of angiogenesis (CD31)
Mild
High
Impact of apoptosis (TUNEL)
Mild
High

Subcutaneous (n = 23) Intraperitoneal (n = 17)

Pancreas (n = 16)

P 1 value

4 (36.4)
7 (63.3)

13 (56.5)
10 (43.5)

10 (58.8)
7 (41.2)

8 (50)
8 (50)

0.650

0 (0)
11 (100)

16 (69.6)
7 (30.4)

11 (64.7)
6 (35.3)

14 (87.5)
2 (12.5)

< 0.001

2 (18.2)
9 (81.8)

15 (65.2)
8 (34.8)

11 (64.7)
6 (35.3)

14 (87.5)
2 (12.5)

< 0.001

3 (27.3)
8 (72.7)

16 (69.6)
7 (30.4)

14 (82.4)
3 (17.6)

15 (93.8)
1 (6.3)

< 0.001

1

Statistical analyses were performed by the χ 2 exact test, with P < 0.05 considered statistically significant. The Bonferroni correction was applied for post hoc
analysis. The impact of the immunohistochemistry was assessed by Ki67 expression (cell proliferation), α-SMA expression (fibrogenesis), CD31 expression
(angiogenesis) and TUNEL expression (apoptosis).

the pathological and immunohistochemical features of
subcutaneous, intraperitoneal and pancreatic implan
tation of human pancreatic cancer tissue fragments
into mice. The main findings were: (1) the engraftment
rate between mice (F2 and F3) was higher than the
engraftment rate from human to mouse (F1); (2)
the subcutaneous model developed a higher number
of implants, although there were no significant di
fferences in favour of any model; and (3) the tumour
xenografts of the three models maintained some
human characteristics including differentiation and cell
proliferation. While these tumour xenografts presented
reduced fibrosis and fibrogenesis, two other features of
pancreatic cancer, hypovascularisation and apoptosis,
were enhanced.
Our study differs from others published in the
literature as we extracted the sample directly from the
[19-21]
surgical site
, and tumour cells were not cultured
in vitro. Neither collagenase nor Matrigel were used
[22,23]
to facilitate their implantation
. These steps, along
with rapid implantation, facilitates the procedure
and eliminates the influence of factors related to the
processing of tumour cells such as DNA aberrations
[24,25]
and cell death
.
There was no correlation between the development
of F1 tumour xenografts and the clinical characteristics
of the patients or the pathological anatomy of the
human tumour samples that were implanted into mice
(differentiation, fibrosis, cell proliferation, number, fibro
genesis, angiogenesis and apoptosis). The apparent
lack of correlation between any of these parameters,
together with the rate of engraftment, may reflect a
biological phenomenon, or it may be simply be due
to an insufficient number of human tumours in some
groups. However, similar results have been obtained
[25]
in other studies . This could be one of the limitations
of this study. For this reason, new studies with higher
numbers of participants are required. In addition, a
genetic assessment of the samples could have enriched
the study and might have explained this phenomenon.

WJG|www.wjgnet.com

Faster tumour development and a greater number
of successful engraftments were observed for mouseto-mouse compared to human-to-mouse transplants.
This is probably a result of decreased apoptosis and
fibrogenesis with progressing passage, which facilitates
[6,26]
tumour development
. The three experimental models
have similar characteristics in terms of differentiation,
fibrosis, cell proliferation, fibrogenesis, angiogenesis
and apoptosis. Tumour development appeared to occur
earlier in the subcutaneous model; however, tumour
xenografts that were implanted into the peritoneum or
orthotopically in the pancreas were harder to visualise
as they were grafted into a distensible cavity. Imaging
tests such as nuclear magnetic resonance would
probably evidence similar growth to the subcutaneous
[27]
model . While evaluating the cost-effectiveness of the
tumour xenograft was not the purpose of this paper, the
shorter time taken for the subcutaneous PDX to reach
the target size may reduce the cost of maintenance
and experimental duration when compared to other
[6]
models . The practical utility of tumour xenografts
needs to be addressed in terms of engraftment speed
and reproducibility. In fact, tumour xenografts show
a rather limited engraftment rate and slow tumour
growth. However, those models are readily applicable
for drug experiment because, once a xenograft has
been successfully engrafted, it can be used after several
[5]
freeze-thaw cycles and several passages .
The intraperitoneal and pancreatic models showed
a tendency toward higher mortality. Two factors may
explain this trend in these two models: firstly, the
laparotomy performed in the intraperitoneal model
and the subcostal incision in the pancreatic model
are more aggressive procedures and more prone to
complications (evisceration, unnoticed enterotomy,
solid viscera lesion and pancreatitis); and secondly, in
both models the tumour xenografts developed inside a
cavity where the tumour growth could not be observed.
Tumour xenografts could infiltrate vital structures,
unnoticed by the researcher, resulting in the death of
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Subcutaneous
H1

Intraperitoneal
H1

Pancreas
H2

Human

F1

F2

F3

Figure 5 Immunohistochemical staining of Ki67 through successive generations and PDX models. Green fluorescence identifies Ki67-positive cells related to
proliferation. Blue fluorescence identifies cell nuclei. The Ki67 expression was maintained with successive re-implants and in the three PDX models (magnification ×
500). H1: Sample from Human 1; H2: Sample from Human 2.

the mouse. Pancreatic and intraperitoneal models are
more invasive and thus might include more suffering/
physiological burden in a mouse. That might be one
of reasons why the tumour xenograft grows better
subcutaneously.
We did not find any significant differences between
the differentiation and proliferation of human samples
compared to any of the experimental models. Therefore,
tumour xenografts in the tested experimental models
appear to reproduce human characteristics independent
of the model in which it is implanted (subcutaneous,
intraperitoneal or pancreas), suggesting that tumour
xenografts could be valid models for the study of
[22,25,28,29]
chemotherapy
.
Some authors suggest that the interstitial matrix
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may act as a physical barrier to the penetration of
[5,30]
chemotherapeutics into deeper areas of the tumour
.
These studies conclude that the tumour stroma of
tumour xenografts is larger and more similar to human
tumour samples than models in which isolated cells
are implanted from the human tumour or from in vitro
[5]
cultures . The diffusion of chemotherapeutics in the
latter model could be higher than in human tumours;
therefore, it is expected that the tumour xenografts will
be a more realistic model.
The election in our study of alpha SMA as a marker
for fibrogenesis is based on the intense desmoplasia
presented by pancreatic tumours. The pancreatic
stellate cells involved in tumour desmoplasia are
characterized by expressing α-SMA and by the synthesis
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Subcutaneous
H1

Intraperitoneal
H1

Pancreas
H2

Human

F1

F2

F3

Figure 6 Immunohistochemical staining of alpha-SMA through successive generations. Green fluorescence identifies alpha-SMA -positive cells related to
fibrogenesis. Blue fluorescence identifies cell nuclei. The alpha-SMA expression was visibly reduced with successive re-implants in all three models, which was more
remarkable in the pancreatic model (magnification × 500).

of procollagen α-1T which are the main components of
[31,32]
the extracellular matrix that constitute desmoplasia
.
We did not observe any differences in stromal
fibrosis in successive tumour xenografts, although there
was a tendency toward reduced fibrosis compared
to human samples. However, when we analysed fib
rogenesis or α-SMA expression, a progressive decline
in fibrogenesis was observed throughout the three
passages. In the F1 tumour xenografts, there was
no difference in fibrogenesis compared to the human
specimen; however, in the F2 tumour xenograft there
was a significant decrease, and in F3 the decrease was
remarkable. This phenomenon may explain the increase
[22,23,26]
in tumorigenesis in successive re-implants
.
Finally, by comparing histological fibrosis measured
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by Masson’s staining and α-SMA expression, a decrease
in stromal cell activation through successive re-implants
was evidenced in all experimental models. The advent
of anti-tumour drugs for cancer niches is determined
by a variety of factors including drug penetration or
diffusion, which is dependent on vascularisation of the
tumour and the stromal matrix. Therefore, the distance
from cancer cells to the vessels will determine the
[5]
efficacy of the chemotherapeutic drug . Although a
decrease in the activation of myoblasts and fibroblasts
may facilitate tumour implantation, we must also
consider that this may translate into reduced fibrosis of
the tumour stroma. The chemotherapeutic agent may
show better diffusion, and thus greater effectiveness,
in the animal model than in humans. As such, we

804

February 21, 2018|Volume 24|Issue 7|

Rubio-Manzanares Dorado M et al . Translational pancreatic cancer research
Subcutaneous
H1

Intraperitoneal
H1

Pancreas
H2

Human

F1

F2

F3

Figure 7 Immunohistochemical staining of CD31 through successive generations. Green fluorescence identifies CD31-positive cells related to angiogenesis.
Blue fluorescence identifies cell nuclei. The CD31 expression was visibly reduced with successive re-implants (magnification × 500). H1: Sample from Human 1; H2:
Sample from Human 2.

periphery of the tumour xenografts derived from cell
lines. In contrast, tumour xenografts derived directly
from humans presented areas of low microvessel
density, and thus, maintained similar features to those
of human basal tumours. Hypovascularisation is a
characteristic feature of pancreatic cancer which makes
[5,34,35]
this tumour chemoresistant
. This characteristic
was potentiated in our experimental tumour xenog
rafts indicating that these models are representative
of human tumours for the purposes of drug testing.
Although hypovascularisation is a hallmark of pancreatic
cancer, further chemotherapeutic studies are required
to determine how tumour xenografts behave agai
nst anticancer drugs in order to avoid resistance to
chemotherapeutic drugs in preclinical models due to
the significant decrease in angiogenesis in tumour

must be cautious when testing the pharmacokinetics
of chemotherapy drugs, as they may be more effective
in animal models than in humans. Hence, further
pharmacological studies that compare all three models
are mandatory.
Regarding tumour angiogenesis, the evaluation of
tumour vascularisation is important in the investigation
of pancreatic cancer. The extension of the vascular
network is fundamental to assess the response to
the treatment of anti-tumour drugs. Multiple authors
use a microvessel density analysis system by CD31
[5,33,34]
expression in pancreatic PDX similar to ours
.
[5]
A study by Akashi et al compared grafts that had
been extracted directly from the tumour specimen
with those derived from cultured cell lines. The authors
observed a higher density of microvessels in the
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Figure 8 Immunohistochemical staining of TUNEL through successive generations. Green fluorescence identifies TUNEL-positive cells related to apoptosis.
Blue fluorescence identifies cell nuclei. TUNEL expression was reduced with subsequent re-implants for all three experimental models, which was more remarkable in
the intraperitoneal and pancreatic model (magnification × 500).

mortality than subcutaneous model. There was also a
higher number of viable tumour xenografts with the
progression of sequential implants in this experimental
model. For these reasons, the subcutaneous model
may represent the best option for the investigation of
anticancer drugs with tumour xenografts.

xenografts.
In addition to a tendency toward hypovascularisation
and the development of a strong desmoplastic stroma,
human pancreatic cancer has a relatively low apoptosis
[36,37]
rate that makes it chemoresistant
. In our study,
there was a trend toward decreasing TUNEL expression
with subsequent re-implants for all three experimental
models, which was more remarkable in the orthotopic
implant and pancreatic model.
In conclusion, The three PDX models have similar
characteristics in terms of differentiation, fibrosis, cell
proliferation, fibrogenesis, angiogenesis and apoptosis,
but tumour development was detected earlier in the
subcutaneous model. Intraperitoneal and pancrea
tic PDX models presented a greater morbidity and

WJG|www.wjgnet.com

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Currently, a dozen experimental models are available. The molecular
characteristics of these models can vary substantially with the morphology
of the lesion, and thus, the selection of the model is not trivial. Multiple
laboratories have established models of breast xenografts, head and neck
cancer, and hepatocellular tumours that maintain the characteristics of the
primary tumour from which they come. Some of these models have predicted
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the clinical response of a specific type of tumour to different chemotherapeutic
agents. The main advantage of human tumour xenografts in the mouse
is that they seem to preserve the pathological and immunohistochemical
characteristics of the primary tumour, which may allow us to experiment with
drugs with human-like pancreatic cancer models. However, the degree to which
periampullary carcinoma implants and ductal adenocarcinoma (DAC) reflect the
morphological and histological characteristics of their tumours of origin have
been poorly studied and there are few publications on the subject.

reduced fibrosis and fibrogenesis, two other features of pancreatic cancer,
hypovascularisation and apoptosis, were enhanced.
The practical utility of tumour grafts needs to be addressed in terms of
engraftment speed and reproducibility. In fact, tumour xenografts show a rather
limited engraftment rate and slow tumour growth. However, those models are
readily applicable for drug experiment because, once a xenograft has been
successfully engrafted, it can be used after several freeze-thaw cycles and
several passages.
Although these models can develop tumours that are very similar to
humans, they are not an exact reflection of them. In this way, chemotherapeutic
agents could be more effective in pancreatic PDX models than in human
tumours. For this reason, new preclinical studies with chemotherapeutic agents
are mandatory in those models.

Research motivation

Periampullary carcinomas, and especially DAC, are characterised by early
vascular, lymphatic and perineural dissemination, so that some authors
consider it to be a systemic disease from the beginning. This implies criteria
of unresectability and justifies the ominous prognosis of the disease. At the
time of diagnosis, 85% of patients present a macroscopic disease beyond the
limits of the organ. The large epidemiological series approximate the incidence
of pancreas cancer to their annual mortality. Given the unfortunate prognosis
of this disease, the development of new chemotherapy drugs with systemic
action that complement the local surgical treatment is fundamental. One of the
main problems that researchers find in developing new molecules is the lack of
animal models that faithfully reproduce the characteristics of human pancreatic
cancer. Both the models developed in genetically modified mice (GEMM) and
those induced by carcinogenic substances have facilitated the understanding at
the molecular level and the appearance of new anti-tumour drugs with in vitro
activity. Unfortunately, these treatment lines are often ineffective in humans.
The appearance of immunocompromised nude mice has allowed the
resumption of animal models with human xenografts, whose main limitation
was the high rejection rate. In this way, we can develop experimental models
of human periampullary tumours that preserve the original genotypic and
phenotypic characteristics.
The morphological and histological characteristics derived from the
xenografts of pancreatic cancer in the experimental models have been poorly
studied. In order to make animal models that are more similar to cancer in
humans, we have developed this study.

Research conclusions

In the establishment of patient-derived xenograft models, samples of
primary tumours were implanted in immunodepressed mice subcutaneously,
intraperitoneally or orthotopically, with no intermediate step of in vitro
propagation. Although the subcutaneous model is easy to perform through an
incision with the scalpel on the back of the mouse, the microenvironment of
the tumour is not exactly the same. We have considered one step further by
designing a new intraperitoneal and pancreatic model that may reproduce the
natural conditions of human pancreatic cancer. However, in our study, implanted
subcutaneous xenografts maintain pathological and immunohistochemical
characteristics of the primary tumour from which they derive similarly to the
other two developed models.
To date, there has been no study on pancreatic cancer that has
determined the best location to develop xenografts in animal models. In our
study, the detection of tumour development is earlier in the subcutaneous
model, which implies a lower cost compared to the other models. In addition,
the subcutaneous model is the one with the highest number of viable
xenografts developed throughout the different re-implantations. Taking into
account that the three models developed have similar anatomopathological and
immunohistochemical characteristics, the subcutaneous model could be the
best option for the investigation of anticancer drugs with xenografts. However,
more studies are needed to confirm this theory.

Research objectives

Following this line of work, we have developed three experimental models
through the use of xenografts: subcutaneous, intraperitoneal and pancreatic.
The main objective of this study is to assess the viability of orthotopic
(intrapancreatic) and heterotopic (intraabdominal and subcutaneous) xenografts
of human pancreas cancers implanted in nude mice.
This work is part of a more ambitious line of research that in the future
intends to identify molecules or combinations of these with the help of these
models to rescue patients for surgery.

Research perspectives

The majority of works that strive to broaden our knowledge about the
diagnosis and treatment of pancreas cancer, are based on xenografts from
cell lines cultured in vitro. Chemotherapy agents which have good results
in these experimental models do not have the same results when they are
used in human tumours. In our case, we have established three models of
pancreas tumours directly derived from patients and we have compared the
morphological and immunological characteristics of the xenografts with the
human tumours in order to establish which is the model that most faithfully
reflected human tumour characteristics.
In our experience, due to the earliest development and the highest number
of viable xenografts, as well as being the experimental model with the lowest
morbidity, the subcutaneous model may be the best model for experimentation
in pancreatic cancer.
Our intention is to select the best implant route in order to use these
models in the future to detect biomarkers of pancreatic cancer and to develop
specific chemotherapeutic regimens for each patient.

Research methods

A prospective experimental analytical follow-up of the development of tumours
in mice upon implantation of human pancreatic adenocarcinoma samples was
presents. Specimens surgically from patients with a pathological diagnosis
of pancreas adenocarcinoma were obtained. Human cancer samples were
implanted as tumour xenografts in three experimental models. The surgical
samples were divided into five equally sized portions of 3 mm × 3 mm × 3 mm.
Three specimens were used as tumour xenograft implants at the subcutaneous,
pancreatic and intraperitoneal locations in nude mice. To date, no study
comparing the implantation of a heterotopic pancreatic cancer xenograft with an
orthotopic tumour xenograft has been published.
Histological analysis and immunohistochemical assessment of apoptosis,
proliferation, angiogenesis and fibrogenesis were performed. When a tumour
xenograft got the target size, it was re-implanted in a new nude mouse. Three
sequential tumour xenograft generations (F1, F2 and F3) were generated.
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Abstract

circulating tumor cell (CTC) enumeration from cryopre
served peripheral blood mononuclear cells. Cryopre
servation may assist with the wider incorporation of
CTC collection and analysis in biobanking, retrospec
tive studies, and large international clinical trials, by
facilitating specimen storage, bulk transporting, and
batch processing.

AIM
To demonstrate the feasibility of cryopreservation
of peripheral blood mononuclear cells (PBMCs) for
prognostic circulating tumor cell (CTC) detection in
gastroesophageal cancer.
METHODS
Using 7.5 mL blood samples collected in EDTA tubes
from patients with gastroesopheagal adenocarcinoma,
CTCs were isolated by epithelial cell adhesion molecule
based immunomagnetic capture using the IsoFlux
platform. Paired specimens taken during the same
blood draw (n = 15) were used to compare number
of CTCs isolated from fresh and cryopreserved PBMCs.
Blood samples were processed within 24 h to recover
the PBMC fraction, with PBMCs used for fresh analysis
immediately processed for CTC isolation. Cryopre
servation of PBMCs lasted from 2 wk to 25.2 mo
(median 14.6 mo). CTCs isolated from pre-treatment
cryopreserved PBMCs (n = 43) were examined for
associations with clinicopathological variables and
survival outcomes.

Brungs D, Lynch D, Luk AW, Minaei E, Ranson M, Aghmesheh
M, Vine KL, Carolan M, Jaber M, de Souza P, Becker TM.
Cryopreservation for delayed circulating tumor cell isolation
is a valid strategy for prognostic association of circulating
tumor cells in gastroesophageal cancer. World J Gastroenterol
2018; 24(7): 810-818 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i7/810.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i7.810

INTRODUCTION
Circulating tumor cell (CTC) analysis continues to be a
rapidly developing field in oncology, offering a promising
tool to both prognosticate and guide managements for
[1]
patients . Despite recent advancements in the field,
one persisting challenge to the widespread adoption
of CTC analysis for translational clinical trials or routine
clinical care is the limited time frame considered
best for blood processing and CTC isolation. Usually
fresh blood is processed for CTCs within 24 h after
blood draw, requiring prompt transfer to specialised
centres for CTC isolation and analysis, which offers
[2]
significant logistical challenges . To overcome this
issue, some studies use blood collection tubes that
contain fixatives. Fixation of blood samples can allow
CTC processing delayed by several days which has
[3,4]
proven very useful for some CTC analyses . However,
fixatives may interfere with down-stream molecular
[5]
analyses that require isolation of nucleic acids . An
alternative is the use of cryopreservation protocols for
peripheral blood mononuclear cells (PBMCs) to allow
delayed CTC isolation from these cells followed by CTC
analysis. Cryopreservation should overcome fixation
related analysis limitations and allow far more flexible
time frames for batched CTC processing. However, a
defined, robust cryopreservation protocol that is proven
to enable analysis of the same or at least a relevant
proportion of CTCs to that found in fresh samples,
needs to be adopted and confirmation is needed
whether cryopreserved CTCs can still predict disease
outcome.
The advantage of cryopreservation of PBMCs is that
it requires only minimal local processing, possible in
most diagnostic settings, as well as feasible cryostorage
and frozen transport of PBMC samples.
While there are a large number of approaches used
to isolate and identify circulating tumor cells (recently

RESULTS
While there was a significant trend to a decrease in
CTC numbers associated with cryopreserved specimens
(mean number of CTCs 34.4 vs 51.5, P = 0.04), this
was predominately in samples with a total CTC count
of > 50, with low CTC count samples less affected (P
= 0.06). There was no significant association between
the duration of cryopreservation and number of CTCs.
In cryopreserved PBMCs from patient samples prior
to treatment, a high CTC count (> 17) was associated
with poorer overall survival (OS) (n = 43, HR = 4.4,
95%CI: 1.7-11.7, P = 0.0013). In multivariate analysis,
after controlling for sex, age, stage, ECOG performance
status, and primary tumor location, a high CTC count
remained significantly associated with a poorer OS (HR
= 3.7, 95%CI: 1.2-12.4, P = 0.03).
CONCLUSION
PBMC cryopreservation for delayed CTC isolation is a
valid strategy to assist with sample collection, trans
porting and processing.
Key words: Cryopreservation; Circulating tumor cells;
Liquid biopsy; Gastroesophageal cancer; Gastric cancer
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study demonstrates a novel and robust
protocol for the cryopreservation and thawing of patient
blood samples, demonstrating reliable circulating tumor
cell isolation and characterisation after the long term
storage of patient samples. Using the largest patient
cohort reported to date, we validated our method by
confirming the independent prognostic association of
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[6]

reviewed by van der Toom et al ), the best established
TM
and most widely used is the CellSearch system
(Menarini-Silicon Biosystems), which uses positive
immunomagnetic isolation of epithelial cell adhesion
molecule (EpCAM, an epithelial cell marker) expressing
cells followed by cytokeratin (CK), CD45, and DAPI
[2]
staining . The CTCs are then identified with automated
immunofluorescence microscopy, defined by an EpCAM/
CK/DAPI positive and CD45 negative phenotype. Cell
Search CTC counts have shown to be prognostic in
[7-9]
large patient series in a variety of cancers , including
[10-12]
gastroesophageal cancer
, but the instrument offers
limited sensitivity in resectable gastroesophageal cancer,
[10,13]
with CTCs detected in less than 15% of patients
.
The IsoFlux system (Fluxion) uses a similar definition
of CTCs to CellSearch (EpCAM/CK/DAPI positive,
CD45 negative phenotype), but has shown a greater
[14-16]
sensitivity for CTC detection
. This platform uses
EpCAM targeted immunomagnetic isolation of CTCs
within a microfluidic setting, improving isolation of CTCs
with lower EpCAM expression, minimising leukocyte
contamination, and allowing downstream applications
including staining, enumeration, or sequencing, as
[16]
shown for fresh blood samples .
Here, we use a viable method of PBMC cryopre
servation that allows subsequent isolation and immu
nocytochemical analysis of CTCs. We demonstrate
the feasibility of PBMC cryopreservation for delayed
CTC isolation using paired cryopreserved and freshly
processed blood samples drawn at the same time
from patients with gastroesophageal adenocarcinoma.
Importantly, we also provide data confirming that
cryopreserved CTCs remain clinically applicable as a
circulating prognostic marker for overall survival (OS).

participant before sample collection.

Sample preparation

Blood samples were processed within 24 h to recover
the PBMC fraction using 50 mL SepMate tubes and
Lymphoprep according to manufacturer’s instructions
(Stemcell Technologies, Vancouver, BC, Canada).
PBMCs used for fresh analysis were resuspended in
Isoflux Binding Buffer and immediately processed for
CTC isolation (see below).
PBMCs for cryopreservation were well resuspended
in 1 mL of diluted plasma (the supernatant of the
PBMC preparation from the matching patient) with the
addition of 7.5% final DMSO, and stored at -80 ℃ until
further processing. Cryopreserved samples were thawed
according to the protocol from Fluxion Biosciences, San
[17]
Francisco, California, United States . In brief, warmed
(37 ℃) thawing buffer, consisting of RPMI 1640 with
10% Fetal Bovine Serum (FBS, Bovogen Biologicals,
Australia) and 50 Unit/mL Benzonase (Sigma-Aldrich,
Germany), was added to thawed samples, washed once
in thawing buffer, and resuspended in IsoFlux Binding
Buffer with 5% FBS.

Circulating tumor cell isolation, staining, and imaging

As per the Fluxion protocol, immunomagnetic beads
preconjugated with anti-EpCAM antibodies (CTC
Enrichment Kit; Fluxion Biosciences Inc) were added
to PBMCs suspended in IsoFlux Binding Buffer, and
incubated for 90 min at 4 ℃ with passive mixing on a
rotator. Samples were then loaded into the sample well
of the microfluidic cartridge and underwent immuno
magnetic isolation of CTCs with the IsoFlux using the
standard protocol (Fluxion Biosciences Inc).
Recovered CTCs were blocked with a final concen
tration of 1.2 µg/µL mouse IgG in binding buffer (Jackson
ImmunoResearch, Baltimore, PA, United States) for
30 min, washed and fixed in fixing solution (Fluxion
Biosciences Inc). The CTCs were then blocked in 10%
FBS in binding buffer for 15 min, then underwent immu
nofluorence staining for anti-CD45 antibody conjugated
to Alexa Fluor 647 (Biolegend, Clone HI30). The
CTCs were also stained for urokinase plasminogen
activator receptor (uPAR, CD87), a key receptor in the
plasminogen activator system and clinically relevant
[18]
biomarker in primary gastroesophageal cancer , using
anti-uPAR antibody conjugated to AF594 (ThermoFischer,
Clone R4). After permeabilization with 0.1% Triton
X-100, cells were probed with anti-cytokeratin antibody
conjugated to FITC (Sigma-Aldrich, Clone PCK-26). CTCs
were finally stained with Hoechst and mounted using
Isoflux mounting media to 24-well glass bottom plates
(MoBioTec, Goettingen, Germany) for imaging.
Imaging was performed with an inverted epifluo
rescence microscope (Leica DMi8, Leica Microsystems
Pty Ltd) using the Leica Application Suite. Cells were
considered CTCs if they were CK positive, CD45

MATERIALS AND METHODS
Patient population

Blood samples were collected from patients with
histologically confirmed distal oesophageal, gastroe
sophageal junction, or gastric adenocarcinomas treated
at Wollongong Hospital, Australia. Blood samples were
collected in 7.5 mL EDTA Vacutainer tubes (Sarstedt
AG & Co.) and maintained at room temperature until
processing.
In the initial cohort (Cohort 1) to confirm the feasi
bility of cryopreservation, 15 patients with gastroe
sophageal carcinomas had 2 specimens taken during
the one blood draw, one processed within 24 h (“fresh”
specimen), and one cryopreserved with delayed CTC
isolation and analysis (“cryopreserved” specimen). Pretreatment blood samples were cryopreserved from a
second, larger cohort of patients for correlation with
clinical outcomes (Cohort 2). The study was approved
by South Western Sydney Local Health District Human
Research Ethics Committee (Project Number 15/072).
A written informed consent was obtained from each
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DAPI

CK

CD45

uPAR

Merged

Fresh

Cryopreserved

20 μm

Figure 1 Representative images of circulating tumor cell isolation from fresh and cryopreserved samples demonstrating preservation of leukocyte and
circulating tumor cell morphology. The fresh sample demonstrates a nucleated CK+/CD45- CTC which is uPAR negative, as well as a CK-/CD45+ leukocyte. The
cryopreserved sample shows a uPAR positive CTC. CTC: Circulating tumor cell.

negative, nucleated and morphologically intact. The
proportion of uPAR positive CTCs was recorded.

similar to fresh samples (Figure 1). There was a
significant difference between CTC numbers isolated
from the cryopreserved samples compared to fresh
samples (mean number of CTCs 34.4 cryopreserved vs
51.5 fresh, P = 0.04, Figure 2), however this difference
was predominately attributable to a larger fall in CTC
numbers in samples with very high CTC counts (> 50
CTCs in the fresh specimen). There was no significant
difference in CTC count between cryopreserved and
fresh samples for specimens with CTC count less than
50 (n = 11 patients, mean number of CTCs 10.7 vs
16.3, P = 0.06). Thus CTC loss by cryopreservation in
patient samples with low CTC counts appears relatively
minor (mean proportion of CTCs lost in cryopreserved
samples = 23.95%).

Statistical analysis

The CTC recovery from matched cryopreserved and
fresh samples were compared with the paired t-test.
Correlation between cryopreservation time and CTC
number was described with a Pearson correlation
coefficient, and the Fisher exact test and t-test were
used to compare the status of CTCs with categorical
clinicopathologic factors.
For survival analyses, in the absence of established
cut-offs for prognostic CTC numbers, the median CTC
count (17) was used as the discriminator between high
and low CTC counts. Survival analyses are conducted
using Kaplan-Meier methods, with median survival
reported. Unadjusted and multivariable Cox proportional
hazards regression analyses were used to estimate the
association between CTC counts and survival, and to
calculate corresponding hazard ratios (HRs) and 95%
confidence intervals (CIs). The following variables were
included in the multivariate model: age, sex, ECOG,
TNM stage, primary tumor location, and CTC count.
All statistical analyses were performed using SAS 9.2
software (SAS Institute, Inc., Cary, NC, United States).

Cryopreserved circulating tumor cell and clinical
outcomes (cohort 2)

A larger cohort of 43 gastroesophageal cancer
patients (cohort 2) was analyzed to validate whether
detectable CTC counts post cryopreservation correlated
to disease outcomes. All patient samples were taken
prior to treatment commencement and had undergone
cryopreservation before CTC isolation. Cohort 2 included
the 10 treatment naive patients from cohort 1. Patient
characteristics of cohort 2 are summarised in Table 1.
Twenty-four patients had resectable disease (Stage
Ⅱ or Ⅲ). Post CTC evaluation, 11 of these patients
received neoadjuvant chemoradiotherapy prior to
resection (CROSS regimen), 3 received perioperative
chemotherapy (MAGIC regimen), and 10 had surgery
alone. Nineteen patients had metastatic disease (stage
Ⅳ). Most of these patients received chemotherapy
(7 patients: platinum and capecitabine doublet, 3
patients: anthracycline, capecitabine, and platinum
triplet, 1 patient: irinotecan or paclitaxel monotherapy),
immunotherapy (2 patients), and 6 patients received no
active systemic treatments.
CTCs were detected in 42/43 patients (95.5%),

RESULTS
Matched fresh and cryopreserved specimens (cohort 1)

Matching parallel blood samples, collected from 15
gastroesophageal cancer patients (10 patients had
blood taken prior to treatment, 5 patients were already
on treatment), that had either been cryopreserved
before CTC processing or were processed fresh, were
compared. Cryopreservation of PBMCs lasted from 2 wk
to 25.2 mo (median 14.6 mo). There was no significant
correlation between cryopreservation time and CTC
number (Pearson r -0.25, P = 0.09). CTCs isolated
from cryopreserved samples appeared morphologically
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Table 1 Characteristics of patients in cohort 2 n (%)
CTC count

Age
Mean (range)
Sex
Male
Female
ECOG
0-1
2-4
Primary tumor location
Distal oesophageal
Gastroesophageal junction
Gastric
Stage
Ⅱ
Ⅲ
Ⅳ

All patients

Low (CTC ≤ 17)

High (CTC > 17)

n = 43

n = 23

n = 20

64 (39-89)

65 (39-89)

64 (48-83)

32 (74.4)
11 (25.6)

15 (65.2)
8 (34.8)

20 (85.0)
3 (15.0)

36 (83.7)
7 (16.3)

22 (95.6)
1 (4.3)

14 (70.0)
6 (30.0)

12 (27.9)
14 (32.6)
17 (37.5)

8 (34.8)
4 (17.4)
11 (47.8)

4 (20.0)
10 (50.0)
6 (30.0)

18 (41.9)
6 (14.0)
19 (44.2)

13 (56.5)
4 (17.4)
6 (26.1)

5 (25.0)
2 (10.0)
13 (65.0)

CTC: Circulating tumor cell; ECOG: Eastern cooperative oncology group performance status.

250

200
150
Number of CTCs

CTC count

200

150

100
50
0

100

-50
Localised

50

Figure 3 Circulating tumor cell count by stage. CTC processing post
cryopreservation produced a higher mean CTC count in metastatic patients
compared to the resectable patients (mean CTC in metastatic 53.8 vs
resectable 15.8, P = 0.0013). CTC: Circulating tumor cell.

0
Fresh

Cryopreserved

Figure 2 Circulating tumor cell enumeration by processing method.
Mean number of CTCs isolated in the fresh specimens were higher than in the
matched cryopreserved sample (mean difference in CTCs 17.1 95%CI: 0.7-33.6,
P = 0.043). This difference was mostly driven by larger falls in CTC counts in
samples with high numbers of CTCs (> 50 CTCs in fresh samples), with no
significant difference in CTC counts for samples with less than 50 CTC in the
fresh specimen (P = 0.06).

1.7-11.7, P = 0.0013). In multivariate analysis, after
controlling for sex, age, stage, ECOG performance
status, and primary tumor location, a high CTC count
remained an independent prognostic factor associated
with poor OS (Table 2, HR = 3.7, 95%CI: 1.2-12.4,
P = 0.03). This association was stronger when the
analysis was restricted to patients with metastatic
disease (n = 19, HR = 5.5, 95%CI: 1.2-25.5, P = 0.01),
but not observed in patients with resectable disease
(n = 24, P = 0.39), although a high CTC count (> 17)
was associated with a non-significant trend to shorter
recurrence free survival in these patients (HR = 3.1,
95%CI: 0.8-12.6, P = 0.09).
Most patients had some uPAR positive CTCs (40/43,
93.0%), however the proportion of uPAR positive CTCs
was similar between patients with localised and meta
static disease (mean proportion uPAR positive CTCs
48.8% vs 47.7% respectively, P = 0.89), and there was
no association with survival outcomes (Supplementary

with a median CTC of 17 (interquartile range 8-38).
Patients with metastatic disease had a higher number
of CTCs than those with resectable disease (Figure 3,
mean CTC count 53.8 vs 15.8, P = 0.0013).
Currently there are no established cut-offs for
prognostic CTC numbers detected using the IsoFlux
in gastroesophageal adenocarcinoma. Therefore we
opted to divide our patients by their CTC counts, above
versus equal or lower than the median CTC count,
to test for any correlation with clinical outcomes.
Patients with a high CTC count (> 17) had a poorer
OS than those with a lower CTC count (≤ 17) (Figure
4, median OS 2.8 mo vs 23.2 mo, HR = 4.4, 95%CI:
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Table 2 Univariate and multivariate analysis for overall survival for cohort 2 (n = 43)
Univariate

Multivariate

Factor

HR (95%CI)

P value

HR (95%CI)

P value

CTC count (high vs low)
Age (≥ 65 vs <65 yr old)
ECOG (2-4 vs 0-1)
Sex (male vs female)
Stage (Ⅳ vs Ⅱ-Ⅲ)
Primary tumor location (gastric vs oesophageal/GOJ)

4.4 (1.7-11.7)
0.7 (0.3-1.8)
7.2 (2.2-23.7)
1.2 (0.4-3.8)
10.0 (3.3-30.8)
0.3 (0.1-1.01)

0.001
0.46
0.0002
0.7
< 0.0001
0.05

3.7 (1.2-12.4)
1.0 (0.9-1.1)
2.3 (0.5-10.1)
0.7 (0.2-2.1)
9.9 (2.9-33.8)
0.4 (0.2-1.6)

0.03
0.76
0.14
0.49
0.0003
0.22

Significant values are italicised. In both univariate and multivariate analysis, a high CTC count (> 17) remained statistically significant as an independent
factor associated with poorer overall survival. CTC: Circulating tumor cell; ECOG: Eastern cooperative oncology group performance status; GOJ:
Gastroesophageal junction.

central processing. This would be a huge benefit for
larger scale clinical trials as it would allow inclusion of
geographically separated sites.
Previous work has shown that the immunochemical
properties of CK, EpCAM and CD45, central to the
isolation and identification of CTCs, are not affected
[20,21]
by cryopreservation and thawing
. In agreement,
our results demonstrate a similar morphological and
immunofluorescent profile between cryopreserved
and fresh CTCs and leukocytes, suggesting current
techniques are suitable for cryopreserved samples.
This approach is further supported by other work
showing close concordance in genetic alterations seen
[21]
on paired fresh and frozen CTCs .
Our results also show that enumeration of CTCs
isolated from cryopreserved PMBCs is a valid prognostic
biomarker in gastroesophageal cancer. Patients with
metastatic disease had a significantly higher number
of CTCs than those with resectable disease (mean CTC
count 53.8 vs 15.8, P = 0.0013). Moreover, patients
with a high CTC count (> 17) had a much poorer OS
than those with a lower CTC count (≤ 17) (HR = 4.4,
P = 0.0013). High CTC count remained significant in
the multivariate analysis as an independent predictor
of poorer OS (HR = 3.7, P = 0.03), after controlling for
age, ECOG, sex, stage and primary tumour location,
particularly when analysis was restricted to patients with
metastatic disease only (HR = 5.5, P = 0.01). These
results are concordant with other studies which confirm
CTC enumeration as an important prognostic factor in
[10-12]
gastroesophageal cancer
.
Given our previous findings that the uPA system is a
clinically relevant biomarker in primary gastroesophageal
[18]
cancer , we undertook and successfully probed for
uPAR expression in CTCs derived from cryopreserved
and fresh samples. We previously have shown that
higher expression of uPA, uPAR and PAI-1 in the
primary tumour is associated with higher risk disease
and poorer prognosis. However, in this study, there
was no correlation between CTC uPAR expression with
disease parameters. This suggests that the selection of
epithelial (EpCAM-positive) CTCs might have affected
any correlation of uPAR with patient outcome, as
CTCs that present mesenchymal phenotypes, such as

Percent survival

100

50

≤ 17 CTC
> 17 CTC
0

0

6

12

18

24

t /mo

Figure 4 Overall survival by circulating tumor cell count. Patients with >
17 CTCs isolated from cryopreserved specimens had a poorer overall survival
compared to those with ≤ 17 CTCs (median OS 2.8 mo vs 23.2 mo, HR = 4.4,
95%CI: 1.7-11.7, P = 0.0013). OS: Overall survival; CTC: Circulating tumor cell.

Figure 1, median OS 17.0 mo vs 12.8 mo, P = 0.6).

DISCUSSION
In this study we report the reliable isolation, immuno
cytochemical identification, and enumeration of gastroe
sophageal cancer CTCs from cryopreserved PBMCs
using the IsoFlux platform. The included cohort is the
largest reported study analysing cryopreservation of
patient PBMCs for CTC detection. Our data confirms
that CTCs isolated from cryopreserved samples remain
an independent prognostic factor associated with OS.
The timely processing of patient samples for CTC
isolation, usually is recommended within 24 h for most
[19]
isolation methods , presenting significant logistical
challenges for researchers and prohibits inclusion of
patients from remote areas into clinical trials that would
rely on CTCs as outcome measures. This is mainly be
cause current methods of CTC analysis require signifi
cant expertise, instrumentation, time and laboratory
resources, usually performed in specialised research
centres. Protocols using isolation of CTCs from cryop
reserved specimens would require some basic proces
sing and cryopreservation at the site of blood draw, but
offer many advantages, including the ability to biobank
patient samples for prolonged periods of time before
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uPAR expressing cells, can escape standard methods
[22]
of isolation reliant on epithelial markers . Indeed
[23]
Vishnoi et al . has previously reported the isolation
of subsets of EpCAM-negative, uPAR and integrin β1
positive breast cancer CTCs, which further supports the
[23]
concept of CTC heterogeneity . Ultimately, we have
successfully stained for a novel biomarker, uPAR, which
further supports our cryopreservation method as a valid
CTC isolation approach.
One important concern with cryopreservation is the
potential for loss of CTCs due to cell loss during freezing,
[20]
storage, or thawing. In a study by Nejlund et al , tumor
cell recovery from cryopreserved spiked tumor cells in
normal controls was variable, with up to a 40% tumor
cell loss. However in clinical samples using matched
fresh and cryopreserved specimens from the same
patient, there was no consistent loss of CTCs, with the
variation in CTC enumeration similar to those seen in
[2,20]
paired fresh samples in other studies
. Friedlander
[21]
et al
found that cryopreservation of PBMCs had no
significant effect on the cell recovery from patients with
metastatic prostate cancer. We noted a small loss of
CTCs associated with cryopreservation, however this
was predominately in samples with large numbers
of CTCs (> 50), where loss of some CTCs is more
acceptable than samples with low CTC counts. We
noted samples with high numbers of CTCs were more
prone to cell clumping despite benzonase. This is
normally due to the release of viscous DNA from cell
lysis on thawing, leading to aggregates which prevent
accurate CTC counting. We speculate that the higher
disease burden in these patients, coupled with a
corresponding systemic inflammatory response, lead
to poorer cell integrity within the PBMCs of high CTCcount samples. Some loss of CTCs in these samples
will have little impact for prognostic and down-stream
biomarker analysis purposes. There was no significant
loss of CTCs in samples were the total CTC count was
≤ 50 (P = 0.06).
Similar to previously published work, we found that
the duration of cryopreservation was not correlated
[20]
with number of isolated CTCs . Moreover, we were
able to isolate CTCs from specimens stored at -80 ℃
for over two years, suggesting cryopreservation is a
suitable approach for long term projects that involve
biobanking of patient samples.
Even when using cryopreservation prior to CTC
isolation, we found higher numbers of CTCs (median
CTC count 17) and a higher number of patient samples
with CTCs (98%) compared to other studies using
EpCAM based CTC capture in gastroesophageal
[10-12,24]
cancer
. The correlation of CTC numbers with
disease progression implies that the CTCs we identified
are indeed disease related. Increased CTC counts
are consistent with the higher reported sensitivity
of the IsoFlux system compared to other platforms,
particularly in isolating CTCs with a lower expression of
[14-16]
EpCAM
. Our results confirm, in the largest cohort
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of patients reported to date, that a high CTC count (>
17) in cryopreserved specimen was an independent
prognostic factor associated with poorer OS (HR =
3.7). As expected from the minimal CTC loss during
cryopreservation, these data indicate that indeed
our method is suitable for delayed and centralised
CTC analysis which could help recruiting patients for
major clinical trials. In this setting it would be advanta
geous compared to fixation of blood which allows
CTC processing delayed by only several days rather
than long term biobanking. We are currently testing if
cryopreservation is also able to overcome limitations
associated with using fixative for molecular downstream analysis of CTCs that involves nucleic acid
[4,5]
extraction .
In conclusion, we have tested a robust PBMC cryopre
servation protocol that allows successful CTC isolation
even 2 years post freezing. Cryopreservation of CTCs is
feasible, with a small loss of tumor cells predominantly
in samples with a high CTC load. Enumeration of CTCs
from cryopreserved samples remained a clinically im
portant prognostic biomarker. Cryopreservation may
assist with the wider incorporation of CTC collection
and analysis in biobanking, retrospective studies, and
large international clinical trials, by facilitating specimen
storage, bulk transporting, and batch processing. It
may also help to develop diagnostic settings that can
service even remote patients with diagnostic CTC data
potentially relevant for their disease management.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

A persisting challenge to the field of circulating tumor cell (CTC) research is the
requirement for prompt analysis of samples at specialised centres. This has
presented significant logistical challenges to researchers, compounded by the
significant expertise, time and laboratory resources required for CTC analysis.

Research motivation

Current methods to overcome this issue, such as fixation of blood samples,
extend the time for CTC processing for several days, but may interfere with
downstream molecular analyses.
Cryopreservation of patient samples permits the wider incorporation of
CTC collection and analysis in biobanking, retrospective studies, and large
international clinical trials, by facilitating specimen storage, bulk transporting,
and batch processing. However, up to now, there has been little research in
how cryopreservation affects CTC recovery, and whether cryopreservation
retains predictive value of CTCs.

Research objectives

The primary objective of our study was to investigate the feasibility and reliability
of delayed CTC isolation from cryopreserved peripheral blood mononuclear
cells (PBMCs) layer. This was determined by percentage of CTC loss during
cryopreservation and thawing, and clinical validity of CTC enumeration from
cryopreserved samples.

Research methods

CTCs were isolated from 7.5 mL blood samples collected from patients with
gastroesophageal adenocarcinoma using EpCAM based immunomagnetic
capture with the IsoFlux platform. CTC loss with cryopreservation was
determined by comparing CTC enumeration from matched cryopreserved
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and freshly processed blood samples collected during the same blood draw.
CTCs isolated from pre-treatment cryopreserved PBMCs were examined for
association with clinicopathological variables and survival outcomes.

9

Research results

We found a minor loss of tumor cells in matched cryopreserved and freshly
processed samples, mostly in samples with high CTC counts. A high CTC
count isolated from cryopreserved PBMCs remained a statistically significant
independent prognostic factor in gastroesophageal cancer.

10

Research conclusions

Our study demonstrates a feasible and robust protocol facilitating CTC isolation
from cryopreserved PBMCs even after 2 years post freezing. Our results have
immediate applicability in the design and conduct of translational studies,
as it facilitates incorporation of CTC analysis in large international trials and
biobanking projects.

11

Research perspectives

12

There is an increasing variety of techniques used for CTC isolation described
in the literature. While the current work confirms the reliability of CTC isolation
from cryopreserved samples using immunomagnetic separation, further work
needs to be undertaken to confirm its suitability for other isolation approaches.

13
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AIM
To investigate the effect of metformin on activated
hepatic stellate cells (HSCs) and the possible signaling
pathways involved.
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METHODS
A fibrotic mouse model was generated by intra
peritoneal injection of carbon tetrachloride (CCl4) and
subsequent treatment with or without metformin. The
level of fibrosis was detected by hematoxylin-eosin
staining, Sirius Red staining, and immunohistochemistry.
The HSC cell line LX-2 was used for in vitro studies. The
effect of metformin on cell proliferation (CCK8 assay),
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motility (scratch test and Transwell assay), contraction
(collagen gel contraction assay), extracellular matrix
(ECM) secretion (Western blot), and angiogenesis (ELISA
and tube formation assay) was investigated. We also
analyzed the possible signaling pathways involved by
Western blot analysis.

INTRODUCTION
Liver fibrosis is a common pathological condition resul
ting from chronic liver injury stemming from a variety
of etiological factors. Hepatic stellate cells (HSCs) play
a key role in the progression of liver fibrosis, and are
[1]
thought to be its primary effector cells . In chronic
liver diseases (CLDs), quiescent HSCs are activated
and change to myofibroblast-like cells, which are
proliferative, contractile, and secrete increased levels
[2]
of more extracellular matrix (ECM) . Angiogenesis
is widely noted in CLDs, and influences liver fibrosis
[3]
and portal hypertension (PHT) . HSCs are liverspecific pericytes that participate in angiogenesis and
sinusoidal remodeling. The primary pathological feature
of sinusoidal remodeling is sinusoidal capillarization and
[4]
coverage of the vessels with contractile HSCs . HSCs
reduce the diameter of sinusoids after contraction,
causing a functional change in modulating the hepatic
tone and increasing intrahepatic vascular resistance
[5]
(IHVR), ultimately contributing to PHT . HSCs occupy
a crossroad at the intersection between inflammation,
[6]
angiogenesis, and fibrosis , and activation of HSCs is a
[7]
key event mediating increased IHVR . Thus, activated
HSCs are a potent therapeutic target for the treatment
of CLDs.
Metformin is the first-line drug recommended
for the treatment of diabetes. Previous studies have
demonstrated that metformin has a wide range of
pharmacological activities beyond its antidiabetic
effects. The beneficial effects of metformin in hepatic
disorders have been previously confirmed for reducing
[8,9]
[10]
fibrosis , IHVR, and therefore PHT in cirrhosis , and
[11]
decreasing hepatocellular carcinoma risk . Metformin
is a potent therapeutic approach for CLDs, but the
mechanisms underlying its effects are still unclear,
especially in the treatment of PHT. Further studies are
needed to investigate the effect of metformin in CLDs.
Platelet-derived growth factor (PDGF) signaling is
among the most well characterized pathways of HSC
activation. It induces activation of the extracellular
signal-regulated kinase (ERK) and the Akt/mammalian
target of rapamycin (mTOR) pathways, which are
[12]
associated with cellular proliferation and migration .
Studies have also linked ERK and mTOR signaling to
vascular endothelial gowth factor (VEGF) expression
[13,14]
during angiogenesis
. Activation of adenosine
monophosphate-activated protein kinase (AMPK) inhibits
the proliferation and migration of HSCs induced by
PDGF, and this effect is related to the inhibition of
[15]
the Akt and ERK pathways . Metformin is known
to activate AMPK, therefore, we speculated that met
formin may regulate the fibrogenic response of HSCs
and have an anti-angiogenic effect.
In the present study, we investigated the effect of
metformin on activated HSCs. The inhibitory effects
of metformin on the activation, proliferation, motility,
contraction, and ECM secretion of HSCs and HSC-based
angiogenesis were evaluated. We also investigated the

RESULTS
Mice developed marked liver fibrosis after intraperito
neal injection with CCl4 for 6 wk. Metformin decreased
the activation of HSCs, reduced the deposition of
ECM, and inhibited angiogenesis in CCl4-treated mice.
Platelet-derived growth factor (PDGF) promoted the
fibrogenic response of HSCs in vitro , while metformin
inhibited the activation, proliferation, migration, and
contraction of HSCs, and reduced the secretion of
ECM. Metformin decreased the expression of vascular
endothelial growth factor (VEGF) in HSCs through
inhibition of hypoxia inducible factor (HIF)-1α in both
PDGF-BB treatment and hypoxic conditions, and it
down-regulated VEGF secretion by HSCs and inhibited
HSC-based angiogenesis in hypoxic conditions in vitro .
The inhibitory effects of metformin on activated HSCs
were mediated by inhibiting the Akt/mammalian target
of rapamycin (mTOR) and extracellular signal-regulated
kinase (ERK) pathways via the activation of adenosine
monophosphate-activated protein kinase (AMPK).
CONCLUSION
Metformin attenuates the fibrogenic response of HSCs
in vivo and in vitro , and may therefore be useful for the
treatment of chronic liver diseases.
Key words: hepatic stellate cell; intrahepatic vascular
resistance; angiogenesis; contraction; liver fibrosis;
adenosine monophosphate-activated protein kinase
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Activation of hepatic stellate cells (HSCs)
contributes to liver fibrosis and portal hypertension.
In this study, we examined the effect of metformin on
activated HSCs in vivo and in vitro . Metformin decreased
the activation of HSCs, reduced the deposition of
extracellular matrix (ECM), and inhibited angiogenesis
in CCl4-treated mice. Moreover, metformin inhibited
the activation, proliferation, motility, and contraction
of activated HSCs, reduced the secretion of ECM, and
decreased HSC-based angiogenesis, thus providing
a new therapeutic approach to the treatment of liver
fibrosis and portal hypertension.
Li Z, Ding Q, Ling LP, Wu Y, Meng DX, Li X, Zhang CQ.
Metformin attenuates motility, contraction, and fibrogenic
response of hepatic stellate cells in vivo and in vitro by activating
AMP-activated protein kinase. World J Gastroenterol 2018;
24(7): 819-832 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i7/819.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i7.819
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the PDGF-BB addition. Images were acquired at 0 and
24 h. The Transwell (8 µm pore size, Costar) assay
was used to test the invasive ability of HSCs. HSCs
were serum-free for 6 h and then harvested. Cells (1
5
× 10 ) in 100 µl serum-free medium were seeded in
the upper chambers with the Matrigel (BD Bioscience,
Bedford, MA, United States) membrane and different
concentrations of metformin, and the lower chambers
were loaded with DMEM with or without 10% FBS. After
incubation for 24 h, cells that migrated through the
membrane were fixed and stained with hematoxylin.
Cell numbers were counted under a microscope (Olympus,
Japan).

underlying mechanisms, with a focus on AMPK and the
downstream AKT/mTOR and ERK signaling pathways.

MATERIALS AND METHODS
Animals

Thirty male C57BL/6 mice weighing 20-22 g were
purchased from the Central Animal Care Facility of
Shandong University and randomly divided into three
groups (a control group, a CCl4 group, and a metformin
group, n = 10 in each group). The animals were housed
in an air‑conditioned room at 23‑25 ℃ with a light/dark
(12 h:12 h) cycle for one week prior to the initiation of
the experiment. All animals received appropriate care
during the study, with free access to chow and water.
The liver fibrosis model was induced by intraperitoneal
injection of carbon tetrachloride (CCl 4, 1 µl/g,
Sinopharm, Beijing, China) dissolved 1:1 (v/v) in olive
oil twice per week, while the control mice were injected
with olive oil alone. Mice in the metformin group were
treated with metformin (Sigma-Aldrich, Saint Louis, MO,
United States) in drinking water (1 g/L) at the same
time. All mice were sacrificed at the end of 6 wk. A
portion of liver tissue was fixed in 4% paraformaldehyde
and then embedded in paraffin. The other liver tissues
were stored at -80 ℃.

Collagen gel contraction assay

Rat tail tendon collagen typeⅠwas obtained from
Sybio (Hangzhou, China). The collagen gel was
prepared in 24-well plates. We used 0.1 mol/L NaOH
to adjust the pH and 10 × PBS to adjust the solution
to physiological strength. The mixed solution (500 µL)
was added to each plate and incubated at 37 ℃ for 1
5
h to allow gelatinization. LX-2 cells (1 × 10 ) in 1000
µL of medium were seeded on the gel and incubated
overnight. Cells were starved for 8 h in DMEM, and then
the DMEM was replaced with fresh medium with 1%
FBS and different concentrations of metformin. PDGFBB (10 ng/mL) was added to the medium, except in the
control group, 2 h after metformin addition. The tip of a
200 µl pipette was used to gently detach the gel from
the plates. After incubation for 24 h, the areas of the
gels were measured.

Cell culture

The HSC cell line LX-2 (a kind gift from Professor Wei-fen
Xie, Changzheng Hospital, the Second Military Medical
University) and human umbilical vascular endothelial
cells (HUVECs, ATCC, Manassas, VA, United States)
were cultured in Dulbecco's modified Eagle's medium
(DMEM; Gibco, Grand Island, NY, United States) supple
mented with 10% fetal bovine serum (FBS; Gibco) in an
incubator at 37 ℃ with 5% CO2 and 90% humidity.

CCK-8 assay

Enzyme-linked immunosorbent assay
5

First, 4 × 10 LX-2 cells were seeded in 6-well plates
and incubated overnight. Cells were starved in DMEM
for 8 h. The DMEM was changed to 1 mL of fresh
medium with 1% FBS and different concentrations of
metformin. Cobalt (Ⅱ) chloride hexahydrate (CoCl2·
6H2O, 150 µmol/L, Sigma-Aldrich, Saint Louis, MO,
United States) was added to the medium, except for
the control group, 2 h after metformin addition. After
12 h of incubation, the supernatant was collected
and centrifuged at 1000 rpm for 4 min. VEGF was
measured with an ELISA kit (Boster, Wuhan, China).
The ELISA protocol was performed according to the
manufacturer’s instructions.

3

First, 5 × 10 LX-2 cells were seeded in 96-well plates
and incubated overnight, and then the medium was
changed to fresh medium containing different concen
trations of metformin. After incubation for 24 h, 10 µl
of CCK-8 (Dojindo, Japan) was added to each well. The
optical density (OD) values were measured every 30
min with a spectrophotometer (Thermo Fisher, Finland)
at 450 nm. The OD values at 2 h were chosen for
analysis.

Tube formation assay

Migration and invasion assay

A 96-well plate was coated with 50 µl of Matrigel, and
then placed in an incubator at 37 ℃ for 1 h. Cells were
treated in the same way as in the ELISA assay, and
the supernatant was collected. Conditioned medium
was generated from supernatant diluted 4:1 (v/v) in
DMEM with 10% FBS. HUVECs were harvested and
suspended in the conditioned medium. HUVECs (2 ×
4
10 ) in 100 µl of conditioned medium were seeded in
96-well plates and incubated at 37 ℃. The cells were

A scratch test was used for HSC migration assay. Cells
5
(5 × 10 ) were seeded in 6-well plates, incubated
overnight to cover the full plate, and then serumstarved for 8 h. After making scratch wounds, plates
were washed three times with PBS. Cells were treated
with or without 10 ng/ml PDGF-BB (PeproTech, Rocky
Hill, NJ, United States) for 24 h. Different concentrations
of metformin were added to the medium 2 h before
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States). The primers used in this study are presented
in Table 1. Expression of target genes was normalized
-ΔCT
to expression of GAPDH by the 2
method.

Table 1 The primers used for RT-PCR analysis
Primer (Mouse)
GAPDH F
GAPDH R
α -SMA F
α -SMA R
COL1A1 F
COL1A1 R

Sequence (5’-3’)
AAATGGTGAAGGTCGGTGTGAAC
CAACAATCTCCACTTTGCCACTG
GACAATGGCTCTGGGCTCTGTA
TTTGGCCCATTCCAACCATTA
GACATGTTCAGCTTTGTGGACCTC
GGGACCCTTAGGCCATTGTGTA

Histopathological and immunohistochemical analyses

Liver specimens embedded in paraffin were cut into 4
µm-thick sections. The specimens were stained with
hematoxylin and eosin and Sirius Red. Immunohi
stochemistry (IHC) was performed using a 2-step plus
Poly-HRP Anti-Mouse/Rabbit IgG Detection system
(Zhongshan Golden Bridge, Beijing, China), according to
the manufacturer’s instructions. Sections were incubated
with antibodies against α-SMA, fibronectin, and VEGF,
and the blots were developed with a DAB kit (Zhongshan
Golden Bridge, Beijing, China).

α-SMA: alpha-smooth muscle actin; COL1A1: collagen type 1 alpha 1.

monitored every 2 h for 12 h under a microscope.
Images of the tube formation were acquired at 8 h.

Western blot analysis

Total protein was extracted with RIPA buffer, and
the protein concentration was measured by the
bicinchoninic acid method. Equal amounts of proteins
were loaded and separated by SDS-PAGE, and then
transferred onto a PVDF membrane. The membrane
was blocked in TBST buffer with 5% non-fat milk for 1
h and incubated with different antibodies overnight at
4 ℃. Primary antibodies against α-SMA (14395-1-AP),
fibronectin (66042-1-IG), and collagen typeⅠ(146951-AP) were obtained from Proteintech (Wuhan, China).
Primary antibodies against p-ERK1/2 (#4376), p-Akt
(#4060), p-AMPK (#2535), p-mTOR (#5536), ERK1/2
(#4695), Akt (#4691), AMPK (#5832), and mTOR
(#2983) were obtained from CST (Boston, MA, United
States). Primary antibody against VEGF (ab46154)
was obtained from Abcam (Cambridge, CA, United
States). Primary antibody against HIF-1α (NB100-105)
was obtained from Novus (Littleton, CO, United
States). Primary antibody against glyceraldehyde
3-phosphate dehydrogenase (GAPDH) and horseradish
peroxidase (HRP)-conjugated secondary antibody
were obtained from Zhongshan Golden Bridge (Beijing,
China). The HRP-conjugated secondary antibodies were
goat anti-rabbit or anti-mouse antibody depending on
the primary antibodies. AICAR (an AMPK activator) and
rapamycin (an mTOR inhibitor) were obtained from
Selleck (Houston, TX, United States). PD98059 (an
ERK inhibitor) and LY294002 (an AKT inhibitor) were
obtained from MCE (Monmouth Junction, NJ, United
States). Antibody bands were detected by enhanced
chemiluminescence with Amersham Imager 600
(GE Healthcare, United States). GAPDH in the same
membrane was used as an internal control, and all
bands were normalized to its expression.

Statistical analysis

All data are presented as the mean ± SEM from at least
three independent experiments. Statistics were analyzed
using GraphPad Prism 5.0 and SPSS19.0 software.
Statistical significance was determined by one-way
analysis of variance (ANOVA) followed by Dunnett’s test.
A p-value < 0.05 was considered statistically significant.

RESULTS
Metformin decreases the activation of HSCs, reduces
the deposition of ECM, and inhibits angiogenesis in
CCl4-treated mice

Liver specimens from mice exposed to CCl4 showed
hepatocellular degeneration with excessive accumulation
of connective tissue, the formation of fibrotic septa,
and infiltration of inflammatory cells. Metformin treat
ment attenuated the fibrotic level of the fibrotic tissue,
the appearance of degenerated hepatocytes, and
inflammatory cell infiltration (Figure 1A). Increased
collagen deposition was observed in CCl4-induced
fibrotic mice, which could be suppressed by metformin
(Figure 1B). A similar effect of metformin on fibronectin
was seen in IHC (Figure 1D). As shown in Figure 1E,
fibrotic mice expressed more VEGF, indicating more
intrahepatic angiogenesis than the control group.
Treatment with metformin significantly suppressed
expression of VEGF.
Mice exposed to CCl4 increased α-SMA at both the
protein and mRNA levels, while co-treatment with
metformin reduced this effect (Figure 2A and B),
which was also confirmed by IHC (Figure 1C). The
CCl4-induced increase in collagen I mRNA expression
was reduced by co-treatment with metformin. Taken
together, metformin decreased the activation of
HSCs, reduced the deposition of ECM, and inhibited
angiogenesis in CCl4-treated mice. Therefore, metformin
attenuated CCl4-induced liver fibrosis in mice.

Reverse transcription-polymerase chain reaction

Total RNA was extracted with TRIzol reagent (Takara,
Japan) from frozen liver tissues and was reversetranscribed to cDNA using an RT reagent kit (Takara,
Japan). Amplifications were detected using a the SYBR
Premix Ex Taq kit (Takara, Japan) on a LightCycler
480 Real-Time PCR system (Roche Diagnostics, United
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Figure 2 Effect of metformin on the activation, proliferation, and extracellular matrix secretion of hepatic stellate cells. A: Measurement of α-SMA levels in
murine liver tissues by Western blot; B: Measurement of hepatic α-SMA and collagen type Ⅰ mRNA expression levels by quantitative real-time PCR (n = 5, bP < 0.01
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(1 mmol/L to 100 mmol/L) of metformin for 24 h
(Figure 2E). The proliferation of HSCs was inhibited by
metformin in a dose-dependent manner, and the IC50
was 50.01 mmol/L.

associated with an increased level of HIF-1α (Figure
5A and B). Metformin decreased the level of HIF-1α
and further reduced the expression of VEGF in HSCs.
Treatment with metformin at 5 and 10 mmol/L had an
inhibitory effect on VEGF expression in both PDGF-BB
and hypoxic conditions.

Metformin suppresses the activation of HSCs and
decreases the expression of ECM in vitro

Metformin down-regulates VEGF secretion by HSCs and
inhibits angiogenesis in hypoxic conditions in vitro

The protein levels of α-SMA, collagen typeⅠ ,and
fibronectin were measured by Western blot (Figure
2C and D). PDGF-BB up-regulated the expression of
α-SMA, while treatment with metformin at 5 mmol/L and
10 mmol/L suppressed this increase, from 113.5% ±
4.66% to 84.87% ± 6.63% and 58.79% ± 12.64%,
respectively (P < 0.05). Collagen type I and fibronectin
are the major components of the ECM, and HSCs
expressed increased levels of these protein after coincubation with PDGF-BB. Metformin decreased the
protein levels at doses of 2, 5, and 10 mmol/L. These
results indicated that metformin suppressed the
activation of HSCs and the secretion of ECM in vitro.

The VEGF protein level in the supernatant was increased
from 148.96 ± 50.62 pg/ml to 343.52 ± 25.91 pg/ml
(P < 0.01) when CoCl2 (150 µmol/L) was added to the
medium, but co-culture with metformin at 5 mmol/L
and 10 mmol/L decreased VEGF levels to 254.40 ±
16.91 pg/mL and 229.04 ± 1.62 pg/mL, respectively
(P < 0.01) (Figure 5C). Tube formation of HUVECs
on Matrigel can be used to analyze angiogenesis in
vitro. HUVECs were cultured in conditioned medium
on Matrigel-coated plates. The conditioned medium
from CoCl2-treated HSCs significantly increased tube
formation, while conditioned medium from HSCs cotreated with CoCl2 and metformin decreased tube
formation. AICAR mimicked the effect of metformin on
tube formation (Figure 5D and E).

Metformin decreases the migration and invasion of
HSCs

The migration rate of HSCs was significantly increased
by PDGF-BB treatment compared with that of the
control group (26.38% ± 2.98% to 48.05% ± 3.67%,
P < 0.01). Treatment with metformin at 5 mmol/L and
10 mmol/L reduced PDGF-BB-induced migration, from
48.05% ± 3.67% to 21.67% ± 2.73% and 14.99%
± 0.25% (P < 0.01), respectively (Figure 3A and C).
As shown in Figure 3B, cells that migrated through the
matrigel membrane decreased from 1352% ± 62.87%
to 748.0% ± 76.18%, 453.0% ± 4.58%, and 190.0%
± 14.73% (P < 0.01) compared with the control group
when treated with metformin at 1, 5, and 10 mmol/L,
respectively (Figure 3D). These findings indicated that
metformin decreased the motility of HSCs.

Metformin inhibits the fibrogenic response of HSCs
through inhibition of the Akt/mTOR and ERK pathways
via the activation of AMPK

Metformin increased the phosphorylation of AMPK in a
dose-dependent manner (Figure 6C). After stimulation
with PDGF-BB, the levels of p-Akt, p-mTOR, and
p-ERK were significantly increased compared with
those of the control group, while co-treatment with
metformin decreased these effects (Figure 6A and E).
The Akt/mTOR and ERK pathways are associated with
cell proliferation, migration, and phenotypic change in
HSCs. To further confirm these effects, we used various
indicated inhibitors to treat HSCs (Figure 7A and C).
LY294002 (an Akt inhibitor, 20 µmol/L) and rapamycin
(an mTOR inhibitor, 100 nmol/L) inhibited the activation
of HSCs, decreased ECM secretion, and reduced the
expression of HIF-1α and VEGF. Moreover, LY294002
inhibited the contraction of HSCs (Figure 4B and D).
PD98059 (an ERK inhibitor, 10 µmol/L) had a similar
effect as LY294002, except that it could not decrease
the secretion of collagen type I. Additionally, AICAR
(500 µmol/L), another AMPK activator, mimicked the
effect of metformin. In conclusion, PDGF-BB increased
the fibrogenic response of HSCs through activating
the downstream Akt/mTOR and ERK pathways, while
metformin inhibited these effects via activation of AMPK.

Metformin inhibits the contraction of HSCs

We assessed the inhibitory effect of metformin on
the contractility of HSCs by collagen gel contraction
assay. PDGF-BB caused a significant increase in cell
contractility, while co-culture with metformin neut
ralized these effects (Figure 4A and C). PDGF-BB
treatment enhanced the contraction rate of HSCs from
47.43% ± 2.13% to 70.25% ± 1.35% (P < 0.01),
while treatment with metformin at 1, 5, and 10 mmol/L
attenuated the contraction rate to 49.70% ± 6.59% (P
< 0.05), 44.73% ± 4.65%, and 42.26% ± 3.28% (P
< 0.01), respectively.

Metformin decreases the expression of VEGF in HSCs
through inhibition of HIF-1α in both PDGF-BB and
hypoxic conditions

Metformin decreases VEGF expression by activated
HSCs by down-regulating the mTOR/HIF-1α and ERK/
HIF-1α pathways under hypoxic conditions

CoCl2· 6H2O (150 µmol/L) was added to the medium
[16,17]
to mimic hypoxic conditions
. HSCs expressed
more VEGF when incubated with PDGF-BB or CoCl2
compared with the control group, and this effect was
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The levels of p-mTOR and p-ERK were significantly
increased when compared with the control group under
hypoxic conditions, while no change was found in the
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Figure 3 Effect of metformin on hepatic stellate cell migration and invasion. Scratch tests were used to determine cell migration, and Transwell assays were
used to evaluate cell invasion. A: HSCs were scraped and then incubated with or without PDGF-BB (10 ng/ml) and metformin (1, 2, 5, and 10 mmol/L). Images were
acquired at 0 and 24 h (100 × magnification); B: HSCs were seeded in the upper chamber with a Matrigel membrane, and various concentrations of metformin (0, 1, 5,
and 10 mmol/L) were added to the medium. The lower chambers were loaded with DMEM with or without 10% FBS. Cells that migrated through the membrane were
fixed and stained with hematoxylin at 24 h; C: The migration ability was quantified by measuring the distance of the scratch edge; D: Cells that migrated through the
membrane were counted and quantified. (bP < 0.01 vs the control group, cP < 0.05 and dP < 0.01 vs the PDGF-BB or FBS only groups). HSCs: hepatic stellate cells.

phosphorylation of Akt (Figure 6B and D). Metformin
increased the phosphorylation of AMPK and inhibited
the activation of p-mTOR and p-ERK. PD98059 and
rapamycin decreased the expression of HIF-1α and
VEGF. LY294002 inhibited the activation of p-Akt and
the downstream p-mTOR, which therefore decreased
the expression of HIF-1α and VEGF. AICAR had a
similar effect as metformin under these conditions
(Figure 7D and F). These results indicated that
metformin decreased VEGF expression by activated
HSCs by down-regulating the mTOR/HIF-1α and ERK/
HIF-1α signaling pathways under hypoxic conditions.

two factors: structural (distortion of the liver vascular
architecture caused by fibrosis, scarring, and nodule
formation) and functional (hepatic sinusoidal cellular
alterations that promote constriction of the hepatic
[18]
sinusoids) components . Research has shown that
activation of HSCs is a key event mediating augmented
[7]
IHVR . We designed this study to investigate the
role of metformin in activated HSCs. We found that
metformin could attenuate the fibrogenic response of
HSCs and decrease IHVR. Our research indicated that
metformin treatment may be a potent therapeutic
approach to treating liver fibrosis and PHT.
First, we used a fibrotic mouse model to determine
whether metformin had effects on liver fibrosis. Mice
injected with CCl4 for 6 wk developed marked fibrosis
compared with the control group, while co-treatment
with metformin attenuated histopathologic features

DISCUSSION
The prime determinant of PHT is increased IHVR,
which is thought to be generated by the following
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of fibrosis. α-SMA, a marker of HSC activation, was
inhibited by metformin at both the protein and mRNA
levels. Sirius Red staining showed that collagen
deposition was also decreased, as well as the mRNA
level of collagen typeⅠ. Moreover, VEGF expression
was up-regulated in fibrotic mice, which was decreased
by metformin treatment. Therefore, metformin could
alleviate the progression of liver fibrosis in fibrotic mice.
A recent study also showed that metformin mitigated
CCl4-induced liver fibrosis in mice. The anti-fibrogenic
response was reported to primarily involve suppression
of ECM deposition, and this effect might have resulted
[8]
from suppressed TGF-b1/Smad3 signaling ; this
[9]
was supported by a previous in vitro study . In our
study, we found that metformin could also inhibit the
angiogenesis in liver fibrosis, indicating that metformin
may attenuate liver fibrosis in other ways. The PDGF
signaling pathway is among the most well character
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ized pathways involved in HSC activation; PDGFBB is the most potent stimulator of HSC growth and
[1]
intracellular signaling , and blocking of PDGF signaling
[19]
ameliorates experimental liver fibrogenesis . As
described above, we speculated that metformin could
regulate the fibrogenic response of HSCs and have an
anti-angiogenic effect via PDGF and its downstream
pathways. Therefore, we performed an in vitro study
to further explain the effect of metformin on activated
HSCs and investigate the possible signaling pathways
involved.
We used PDGF-BB to stimulate HSCs in vitro.
PDGF-BB up-regulated the expression of α-SMA, as
well as typeⅠcollagen and fibronectin, in HSCs, while
these protein levels were decreased when treated with
metformin. These results are in agreement with our
animal experiments. Caligiuri showed that activation
of AMPK modulated the activated phenotype change
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[15]

of HSCs caused by PDGF-BB . In this study, PDGF
induced activation of the downstream molecules ERK
and Akt/mTOR in activated HSCs, which are associated
with cellular proliferation, migration, and phenotype
changes. Metformin inhibited the activation of ERK
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and Akt/mTOR by activating AMPK. To further analyze
the role of the signaling pathways, we used various
indicated inhibitors to determine whether the signaling
pathways could affect activated HSCs. LY294002
and rapamycin inhibited the expression of α-SMA,
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Figure 6 Effect of metformin on AMPK, Akt/mTOR, and ERK signaling in hepatic stellate cells. A and B: HSCs were pretreated with metformin (1, 2, 5 and 10
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collagenⅠ,and fibronectin. PD98059 had a similar
effect, except for the expression of collagen typeⅠ.
Furthermore, AICAR, another AMPK activator, could
imitate the effect of metformin on activated HSCs.
Metformin inhibited activation and ECM secretion of
HSCs. This effect was mediated by the activation of
AMPK, thereby inhibiting the activation of ERK and
Akt/mTOR by PDGF-BB.
In liver cirrhosis, an imbalance between vasocon
strictors and vasodilators makes HSCs more contractile,
which increases IHVR and aggravates PHT. Metformin
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has been reported to attenuate contractile responses in
[20]
rat aortas , and to reduce pulmonary artery contraction
[21]
in pulmonary arterial hypertension . Therefore, we
used a collagen gel contraction assay to evaluate the
effect of metformin on the contraction of HSCs. Our
results showed that metformin inhibited the contraction
of HSCs caused by PDGF-BB. The RhoA/Rock pathway
is the contractile pathway in vascular smooth muscle
[22]
that is also expressed in HSCs . Sorafenib can downregulate Rho kinase by inhibiting the ERK pathway in
secondary biliary cirrhotic rats and further reduce portal
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Figure 7 The inhibitory effects of metformin on activated hepatic stellate cells were associated with activation of AMPK and subsequent down-regulation
of the Akt/mTOR and ERK signaling pathways. A and B: HSCs were pretreated with AICAR (500 µmol/L), LY294002 (20 µmol/L), PD98059 (10 µmol/L), or
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[23]

pressure . Metformin can decrease the activation of
ERK caused by PDGF-BB; therefore, we speculated that
the inhibitory effect of metformin on the contraction
of HSCs were due in part to the inhibition of the ERK
pathway. To confirm this effect, we used PD98059
to treat HSCs stimulated with PDGF-BB. PD98059
inhibited the contraction of HSCs, as expected. There
have also been studies that linked the inhibition of the
[24,25]
Akt pathway to attenuation of contraction
, and this
effect may be associated with the Akt/L-type calcium
[26,27]
channel and the Akt/RhoA/Rho kinase pathways
.
In our research, LY294002 could also inhibit the
contraction of HSCs, indicating that the Akt pathway
was also involved in modulating the contraction of HSCs.
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In addition, AICAR had a similar effect to metformin on
the contraction of HSCs. Thus, metformin inhibits the
contraction of activated HSCs, which can decrease IHVR
and lower portal pressure.
PDGF can promote HSCs to develop an angiogenic
phenotype via modulating HSC-based vascular tube
formation and increasing coverage of sinusoids, with
resulting effects on vascular permeability, vessel
[6,28]
mutation, and portal pressure regulation
. Activated
HSC recruitment to liver sinusoidal epithelial cells is an
important step in sinusoidal remodeling, and PDGF may
[29]
be the most important growth factor in this process .
In our study, metformin decreased the motility of HSCs.
Moreover, metformin decreased the level of VEGF
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secreted by HSCs, and inhibited angiogenesis in vitro.
Taken together, we showed that metformin could inhibit
the angiogenic properties of HSCs.
VEGF plays a predominant role in the initial stages
[3]
of angiogenesis . Reports have shown that PDGF can
increase the HIF-1α and VEGF protein levels in activated
[30]
HSCs . PDGF can also stimulate VEGF expression and
HSC-driven vascularization through signals mediated
[31]
by ERK and mTOR . In our study, the AKT/mTOR
and ERK pathways were up-regulated by PDGF and
caused increased levels of HIF-1α and VEGF in HSCs.
The activation of AMPK by metformin decreased the
up-regulation of VEGF by PDGF. This result was partly
[32]
in agreement with the research by Zhang et al , who
found that curcumin interrupted the PDGF-βR/ERK
and mTOR pathways, leading to reductions in VEGF
expression in HSCs. As hypoxia is the most potent
stimulus for VEGF expression, we further used CoCl2 to
mimic a hypoxic environment. Hypoxia stabilized HIF1α and up-regulated the expression of VEGF in our
study. The protein level of VEGF in the HSCs and the
medium was significantly higher than that in the control
group, and the phosphorylation of ERK and mTOR was
also increased. Co-treatment with the AMPK activator
metformin inhibited the increase of HIF-1α, VEGF, and
the activation of ERK and mTOR. In addition, AICAR,
LY294002, PD98059, and rapamycin could also inhibit
the expression of HIF-1α and VEGF. These results
indicated that metformin could decrease the VEGF levels
secreted by HSCs, and this effect was partly mediated
by the ERK/HIF-1α and mTOR/HIF-1α pathways. Finally,
we used tube formation assays to analyze angiogenesis
in vitro. When HUVECs were cultured with conditioned
medium from HSCs treated with metformin under
hypoxic conditions, tube formation was less than that in
medium without metformin. AICAR had a similar effect
to metformin. Therefore, metformin could inhibit PDGF
and hypoxia-induced VEGF expression in HSCs, thus
decreasing HSC-based angiogenesis. These effects were
mediated through the inhibition of the ERK/HIF-1α and
mTOR/HIF-1α pathways by activation of AMPK.
In conclusion, metformin can inhibit the activation,
proliferation, motility, and contraction of HSCs, redu
ce the secretion of ECM, attenuate HSC angiogenic
properties, and decrease HSC-based angiogenesis.
Metformin has effects on both structural and functional
components of IHVR, suggesting a novel therapeutic
approach for the treatment of liver fibrosis and PHT.

This study was performed to investigate the effect of metformin on activated
HSCs and clarify its molecular mechanisms.

Research objectives

The inhibitory effects of metformin on the activation, proliferation, motility,
contraction, extracellular matrix (ECM) secretion of HSCs and HSCbased angiogenesis were evaluated. We also characterized its underlying
mechanisms with a focus on AMPK and downstream AKT/mTOR and ERK
signaling pathways.

Research methods

The effect of metformin on activated HSCs were investigated in vivo and in
vitro. A fibrotic mouse model was treated with or without metformin, and the
effect of metformin on liver fibrosis was evaluated. The HSC cell line LX-2
was used for in vitro studies. The effect of metformin on cell proliferation was
detected by CCK8 assay. Cell motility was measured by scratch tests and
Transwell assays. Collagen gel contraction assays were performed to assess
the effect of metformin on cell contraction. Expression of α-SMA, collagen type
Ⅰ, and fibronectin was determined by Western blot analysis. We also analyzed
the effect of metformin on HSC-based angiogenesis in both PDGF and hypoxic
conditions. The phosphorylation levels of AMPK, AKT, mTOR, and ERK were
measured by Western blot analysis. We also used the indicated pharmacologic
inhibitors and agonists to confirm our findings.

Research results

Metformin decreased the activation of HSCs, reduced the deposition of ECM,
and inhibited angiogenesis in fibrotic mice. PDGF-BB promoted the fibrogenic
response of HSCs, while metformin inhibited the activation, proliferation,
migration, and contraction of HSCs, reduced their secretion of ECM, and
decreased HSC-based angiogenesis. These inhibitory effects were mediated by
inhibition of the Akt/mTOR and ERK pathways via the activation of AMPK.

Research conclusions

Metformin attenuates the fibrogenic response of HSCs in vivo and in vitro, and
may therefore be useful for the treatment of chronic liver diseases.

Research perspective

This study investigated the inhibitory effect of metformin on activated HSCs and
the possible signaling pathways involved. The results strongly confirmed the
potential use of metformin for the treatment of CLDs. In future studies, we will
provide more evidence for the use of metformin, especially in the treatment of
portal hypertension. The effect of metformin on liver sinusoidal endothelial cells
will also be analyzed.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the review board of Dalian Medical University,
Liaoning Province, China.

AIM
To evaluate whether fish oil (FO) can protect liver injury
induced by intestinal ischemia/reperfusion (I/R) via the
AMPK/SIRT-1/autophagy pathway.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by
the Institutional Animal Care and Use Committee of the Dalian
Medical University (Permit number: SCXK 2008-0002).

METHODS
Ischemia in Wistar rats was induced by superior
mesenteric artery occlusion for 60 min and reperfusion
for 240 min. One milliliter per day of FO emulsion or
normal saline was administered by intraperitoneal
injection for 5 consecutive days to each animal. Animals
were sacrificed at the end of reperfusion. Blood and

Conflict-of-interest statement: There is no conﬂict of interest
in this study.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
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tissue samples were collected for analyses. AMPK,
SIRT-1, and Beclin-1 expression was determined in
lipopolysaccharide (LPS)-stimulated HepG2 cells with or
without FO emulsion treatment.

a remarkable problem in many clinical conditions.
Patients who suffer from conditions including abdominal
aortic aneurysm surgery, cardiopulmonary bypass,
intestinal transplantation, necrotizing enterocolitis,
strangulated hernias, collapse of systemic circulation,
and hypovolemic and septic shock have a potential risk
[1-3]
for intestinal I/R . Intestinal I/R is associated with a
[4]
high morbidity and mortality . Despite intensive study
efforts over the past decades, pharmacologic therapies
for liver injury induced by intestinal I/R have remained
[5]
ineffective and controversial . Patients who underwent
persistent intestinal ischemia are often accompanied
with the complication of septic shock, which eventually
induces multiorgan dysfunction syndrome (MODS) and
[6]
death .
The liver is the first organ which is affected by
intestinal I/R because of the washout of toxic sub
[7]
stances from the re-perfused intestine . In addition,
it is presumably due to the fact that the vasculature
[8]
of the liver is associated with the intestine . The gutliver axis with cytokine cascade may play an important
[9]
role in the liver injury induced by intestinal I/R . The
pathophysiology of acute liver injury is unclear; however,
the prominent neutrophil infiltration and other related
injury models suggest that oxygen radical species and
inflammatory cascade crosstalk in this pathogenesis,
which eventually results in final liver failure and even
[6]
MODS .
Autophagy is a regulated cellular pathway involved
in the turnover of cytoplasmic organelles and proteins
[10]
through a lysosome-dependent degradation process .
Recent studies indicated that autophagy deficiency
[11,12]
promoted inflammatory reaction and oxidative stress
,
implicating a protective function. In addition, autophagy
can be modulated by several pathways, the most crucial
one of which is the adenosine 5’-monophosphateactivated protein kinase/sirtuin 1 (AMPK/SIRT-1)
[13]
pathway . Increasing evidence indicates that AMPK/
SIRT-1 pathway linked autophagy plays a protective
effect in various diseases including liver injury. Studies
also reported that resveratrol, a kind of natural
polyphenol, regulates autophagy by activating the
AMPK/SIRT-1 signaling pathway in neuroblastoma and
[14]
endothelial cells . Furthermore, inducing autophagy by
activating AMPK/SIRT-1 alleviates oxidized low-density
lipoprotein (oxLDL)-induced human umbilical vein
[15]
endothelial cell injury . However, the role of the AMPK/
SIRT-1/autophagy pathway in intestinal I/R-challenged
liver injury is still unknown.
Fish oil (FO), containing major ingredients as ω-3
polyunsaturated fatty acids including eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA), has been
widely used as a therapeutic intervention in critical
[16]
care settings . Parenteral FO improves outcomes
in patients with parenteral nutrition associated-liver
[17]
injury . FO has been shown to be a potent activator of
the AMPK/SIRT-1 pathway against lung injury induced

RESULTS
Intestinal I/R induced significant liver morphological
changes and increased serum alanine aminotransferase
and aspartate aminotransferase levels. Expression of
p-AMPK/AMPK, SIRT-1, and autophagy markers was
decreased whereas tumor necrosis factor-α (TNF-α)
and malonaldehyde (MDA) were increased. FO emulsion
blocked the changes of the above indicators effectively.
Besides, in LPS-stimulated HepG2 cells, small interfering
RNA (siRNA) targeting AMPK impaired the FO induced
increase of p-AMPK, SIRT-1, and Beclin-1 and decrease
of TNF-α and MDA. SIRT-1 siRNA impaired the increase
of SIRT-1 and Beclin-1 and the decrease of TNF-α and
MDA.
CONCLUSION
Our study indicates that FO may protect the liver
against intestinal I/R induced injury through the AMPK/
SIRT-1/autophagy pathway.
Key words: fish oil; AMPK/SIRT1/autophagy; liver
injury; intestinal ischemia/reperfusion
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Intestinal ischemia/reperfusion (I/R) injury
is a remarkable problem in many clinical conditions.
Increased evidence indicates AMPK/SIRT-1 pathway
linked autophagy exhibits a protective effect in liver
diseases. Fish oil (FO) emulsion improves outcomes in
patients with parenteral nutrition associated liver injury.
We aimed to evaluate whether FO can protect liver
injury induced by intestinal I/R via the AMPK/SIRT-1/
autophagy pathway. Our results indicate that FO may
protect the liver against intestinal I/R induced injury
through the AMPK/SIRT-1/autophagy pathway. To our
knowledge, we maybe for the first time present that
FO attenuated intestinal I/R induced liver injury by
inducing autophagy both in vivo and in vitro through
the AMPK/SIRT-1 signaling pathway.
Jing HR, Luo FW, Liu XM, Tian XF, Zhou Y. Fish oil alleviates
liver injury induced by intestinal ischemia/reperfusion via
AMPK/SIRT-1/autophagy pathway. World J Gastroenterol
2018; 24(7): 833-843 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i7/833.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i7.833

INTRODUCTION
Ischemia-reperfusion (I/R) injury of the intestine is
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Measurement of serum aspartate aminotransferase,
alanine aminotransferase, tumor necrosis factor-α, and
liver malonaldehyde

[16]

by intestinal I/R . Herein, we hypothesized that FO
could be an appropriate agent for intestinal I/R-induced
liver injury via the AMPK/SIRT-1/autophagy pathway.

Serum was obtained from blood samples by centrifu
gation (1000 g, 10 min, 4 ℃) and stored at -80 ℃ for
assessment. Serum alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) levels were
measured with an OLYMPUS AU1000 automatic analyzer
(Aus Bio Laboratories Co., Ltd., Beijing, China). Serum
tumor necrosis factor-α (TNF-α) was quantified using a
rat enzyme-linked immunosorbent assay kit (BOSTER
Bioengineering Co Ltd, Wuhan, China). Liver tissues
were harvested and homogenized immediately on
ice in five volumes of normal saline. Homogenates
were centrifuged at 1200 g for 10 min. Liver malonal
dehyde (MDA) concentration in the supernatant was
determined using an assay kit (Nanjing Jiancheng
Corp., Nanjing, China), according to the manufacturer’
s recommendations. The activity of MDA is expressed in
nmol/mg prot.

MATERIALS AND METHODS
Animals

Male Wistar rats weighing 180-220 g from the Animal
Center of Dalian Medical University were used in this
study, and maintained under standard laboratory
conditions. All rats were fed standard laboratory food
and water. Rats were housed in a barrier system at 25 ℃
with 12 h light-12 h dark cycles and acclimated for 1 wk
before experimentation. All procedures were carried out
in strict accordance with the recommendations in the
Guide for the Care and Use of Laboratory Animals of the
National Institutes of Health. The protocol was approved
by the Committee on the Ethics of Animal Experiments
of Dalian Medical University (Permit number: SCXK
2008-0002). All surgery was performed under sodium
pentobarbital anesthesia, and all efforts were made to
minimize animal suffering.

Cell culture and treatment

HepG2 cells were cultured in Dulbecco’s Modified Eagle’
s Medium (Gibco, CA, United States) supplemented
with 10% fetal bovine serum. The cells were kept at
37 ℃ in a humidified atmosphere with 5% CO2, 100
units/mL of penicillin, and 10 μg/mL of streptomycin.
Media were collected and centrifuged 48 h after
treatment with lipopolysaccharide (LPS; 10 μg/ml,
Sigma-Aldrich, United States) in the presence or
absence of FO (50 mmol/L EPA/50 mmol/L DHA each
mixture) and TNF-α was measured with a specific
ELISA kit (Jiancheng, Nanjing, China) according to the
manufacturer’s protocol.
The doses of FO and LPS pretreatment were
[16,18]
selected according to previous studies
, and a pilot
study has been performed.

Experimental design

Intestinal I/R was induced in rats according to a previ
[16]
ously standardized method . Briefly, after a midline
laparotomy was performed, the superior mesenteric
artery was gently isolated and occluded with an at
raumatic microvascular clamp for 60 min and then
followed by reperfusion for 240 min. When mesenteric
pulsations ceased and the intestine became pale in color,
occlusion was confirmed. And reperfusion was confirmed
when the pusatile flow returned to the mesenteric artery
and its branches. For sham operation, the superior
mesenteric artery was only isolated without occlusion.
The rats were randomly divided into three groups
(n = 8 each): (1) sham group; (2) I/R group; and
(3) FO group. In the FO group, rats were pretreated
intraperitoneally with 1 ml/d of FO emulsion (100 mL
of FO emulsion contained 2.82 g of EPA and 3.09 g of
DHA; Fresenius Kabi, Bad Homburg, Germany) for five
consecutive days, and then surgery was performed
as that in the I/R group. The same volume of normal
saline was administered in the sham group and I/R
group.
The dose of FO emulsion pretreatment was se
[16]
lected according to a previous study , and a pilot
study has been performed. All animals were sacrificed
at the end of reperfusion and tissue and blood samples
were obtained for further analysis.

Western blot analysis of p-AMPK, SIRT-1, LC3 Ⅱ,
Beclin-1, and P62 in liver tissue and hepG2 cells

For detecting p-AMPK, SIRT-1, LC3 Ⅱ, Beclin-1, and P62
contents in liver tissue, 30 μg of protein was separated
by 12% or 15% SDS-PAGE (Bio-Rad, Hercules, United
States), and transferred to polyvinylidene difluoride
membranes (Millipore, Bedford, United States). The
membranes were then incubated with primary anti-pAMPK (Abcam Ltd., Cambridge, United kingdom), antiSIRT-1 (Abcam Ltd., Hong Kong, China), anti-LC3 Ⅰ,
anti-LC3 Ⅱ, anti-P62, anti-Beclin-1, or anti-β-actin
antibody (Santa Cruz Biotechnology, United States) in
Tris buffered solution (TBS) containing 5% skimmed
milk overnight at 4 ℃. After washing three times in
TBS with 0.1% Tween 20 (TTBS), the membranes
were incubated with biotinylated secondary antibody
diluted 1:1000 in PBST containing 5% skimmed
milk for 2 h at 37 ℃. After extensive washing with
TTBS, the membranes were exposed to enhanced

Intestinal and liver morphological assessment

Intestinal and liver tissues were fixed in 10% formalin,
embedded in paraffin, cut into 4-μm sections, and
stained with hematoxylin and eosin (H&E) for light
microscopy. Scores of liver and intestine pathology
[7-9]
were evaluated according to previous studies .
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Figure 1 Fish oil emulsion improves I/R induced liver and intestinal injury histopathologically. Pathologic changes of liver (A) and intestinal (B) tissues in
different groups (mean ± SD, n = 8). bP < 0.01 vs sham group; dP < 0.01 vs I/R group.

chemiluminescence-plus reagents (Beyotime Institute
of Biotechnology, Hangzhou, China). Emitted light was
documented with a BioSpectrum-410 multispectral
imaging system with a Chemi HR camera 410 (UVP,
Upland, CA, United States) and analyzed with Gel-Pro
Analyzer Version 4.0 (Media Cybernetics, Bethesda,
United States).

Version 3.0 (TaKaRa, Dalian, China) for PCR analysis;
primers are shown as follows: AMPK forward, 5’-G
TGGTGTTATCCTGTATGCCCTTCT-3’ and reverse,
5’-CTGTTTAAACCATTCATGCTCTCGT-3’; SIRT-1
forward, 5’-AGCTGGGGTTTCTGTTTCCTGTGG-3’ and
reverse, 5’-CGAACATGGCTTGAGGATCTGGGA-3’;
β-actin forward, 5’-AGAGGGAAATCGTGCGTGAC-3’
and reverse, 5’-CAATAGTGATGACCTGGCCGT-3’. RTPCR was performed with the SYBR Premix Ex Taq kit
(Takara, Dalian, China) for fluorescence detection
during amplification on an ABI 7500 Fast Real-Time
PCR System (Applied Biosystems). PCR cycling was
performed under the following conditions: initial
denaturation at 95 ℃ for 30 s and 40 thermal cycles of
95 ℃ for 5 s, 60 ℃ for 34 s, and 72 ℃ for 30 s.

Quantitative real-time polymerase chain reaction (RTPCR) analysis of liver AMPK and SIRT-1 mRNA levels

Total RNA was extracted from rat liver using Trizol
reagent (Invitrogen, Carlsbad, CA, United States)
according to the manufacturer’s instructions. Re
verse transcription into cDNA was performed using
a TaKaRa RNA polymerase chain reaction (PCR) kit
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Figure 2 Alanine aminotransferase and aspartate aminotransferase (A) as well as TNF-α and liver MDA levels (B) in different groups (mean ± SD, n = 8). bP
< 0.01 vs sham group; dP < 0.01 vs I/R group.

RNA interference

hemorrhage and loss of lamina propria villi and glands
(Figure 1B). Pretreatment with FO emulsion significantly
reduced the intestinal damage and histopathology score
(Figure 1B, P < 0.01).

HepG2 cells were transfected with small interfering
RNAs (siRNAs) directed against AMPK α1 and SIRT-1,
with scrambled siRNAs used as controls. Both specific
and control siRNAs were obtained from GenePharma
(Shanghai, China), and transient siRNA transfection
was performed as previously described. After siRNA
transfection for 48 h, the cells were treated with FO for
an additional 6 h. The cells were then collected for the
protein and mRNA analyses.

Effect of FO emulsion on serum ALT, AST, TNF-α, and
liver MDA levels

In the I/R group, there was a significant increase in
serum ALT and AST levels compared with the sham
group. However, pretreatment with FO significantly
decreased serum levels of both ALT and AST compared
with the I/R group (Figure 2A, P < 0.01). This indicated
that FO emulsion was effective in improving liver
function.
Moreover, serum TNF-α and liver MDA increased
significantly after intestinal I/R compared with the
sham group (P < 0.01). Furthermore, FO emulsion
pretreatment dramatically reduced proinflammatory
cytokine levels (Figure 2B, P < 0.01).

RESULTS
Effect of FO emulsion on intestinal and liver injury
induced by intestinal I/R

Histopathological analysis of the liver in the I/R group
showed apparent injury compared with the sham
group, which was manifested as edema, hemorrhage,
and neutrophil infiltration (Figure 1A). However, liver
injury was significantly improved by pretreatment
with FO emulsion, and the histopathological score was
significantly reduced compared with the I/R group
(Figure 1A, P < 0.01).
Compared with the sham group, intestinal mucosal
injury was also found in the I/R group with apparent
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Effect of FO emulsion on LC3 Ⅱ, Beclin-1, and P62
expression in liver tissue after intestinal I/R

Western blot analysis was performed to examine
the expression of LC3 Ⅱ, Beclin-1, and P62 in liver
tissue. Compared with the sham group, both LC3 Ⅱ
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Figure 3 Western blot analysis of liver autophagy (LC3 II, Beclin-1, and P62) levels in different groups (mean ± SD, n = 8). bP < 0.01 vs sham group; dP < 0.01
vs I/R group.

FO emulsion ameliorates LPS induced HepG2 cell
damage through the AMPK/SIRT-1/autophagy pathway

and Beclin-1 expression was markedly decreased but
P62 expression increased in the I/R group. However,
pretreatment with FO emulsion markedly increased the
expression of both LC3 Ⅱ and Beclin-1, and decreased
the expression of P62 compared with the I/R group
(Figure 3, P < 0.01), indicating that FO emulsion
activated autophagy in intestinal I/R-induced liver injury.

To investigate the role of the AMPK/SIRT-1/autophagy
pathway affected by FO emulsion in intestinal I/
R-induced liver injury, HepG2 cells were employed and
challenged with LPS to mimic the circumstance in vivo.
Western blot analysis was then performed to examine
the AMPK, SIRT-1, and Beclin-1 expression in LPSstimulated HepG2 cells. Further, TNF-α and MDA were
determined using experimental kits according to the
manufacturer’s protocols. Compared with the con group
(control + LPS), the expression of p-AMPK, SIRT-1, and
Beclin-1 was significantly increased in the FO group
(FO + LPS) (Figure 5A, P < 0.05). This was associated
with a significant decrease of TNF-α and MDA levels
(Figure 5B, P < 0.01). However, p-AMPK, SIRT-1, and
Beclin-1 expression was decreased significantly in the
FO + siA (FO + AMPK siRNA + LPS) group compared
with the FO group. Moreover, reduced SIRT-1 and
Beclin-1 expression was observed in the FO + siS (FO
+ siRNA of SIRT-1 + LPS) group compared with the FO
group (Figure 5A, P < 0.05). This was associated with a
significant increase of TNF-α and MDA levels in HepG2
cells, although there was no change of p-AMPK (Figure

Effect of AMPK/SIRT-1 activation by FO emulsion in liver
tissue after intestinal I/R

Western blot and RT-PCR analyses were performed
to determine AMPK and SIRT-1 protein and mRNA
contents in the liver. After intestinal I/R, the ratio
of p-AMPK/AMPK protein and AMPK mRNA in the
liver was dramatically decreased compared with the
sham group (Figure 4A, P < 0.01). Similarly, both
SIRT-1 protein and mRNA expression in the liver were
dramatically decreased compared with the sham group
(Figure 4B, P < 0.01). Nevertheless, not only the ratio
of p-AMPK/AMPK protein and AMPK mRNA, but also
the SIRT-1 protein and mRNA expression in the liver
were dramatically increased by pretreatment with FO
emulsion compared with the I/R group (Figure 4A and B,
P < 0.01, P < 0.05).
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Figure 4 Western blot analysis (A) of liver p-AMPKα1/AMPKα1 and qRT-PCR analysis (B) of liver AMPK expression in different groups (mean ± SD, n = 8).
b
P < 0.01 vs sham group; cP < 0.05, dP < 0.01 vs I/R group.

5B, P < 0.05). Thus, FO emulsion may ameliorate liver
injury induced by intestinal I/R through the AMPK/
SIRT-1/autophagy pathway.

alleviated liver injury; and (5) in LPS-stimulated HepG2
cells, AMPK siRNA impaired the FO-induced increase
of p-AMPK, SIRT-1, and Beclin-1 but the decrease of
TNF-α and MDA. SIRT-1 siRNA impaired the FO-induced
increase of SIRT-1 and Beclin-1 but the decrease of
TNF-α and MDA.
Intestinal I/R injury is the initiator of MODS and
[6]
the promoter of distant organ injury . Elucidating
the series of events which lead to distant organ injury
and a lethal consequence may provide clues to the
pathogenesis of MODS and may further improve
survival in critically ill patients. The liver is the most
vulnerable organ even beyond the intestine per se
[7-9]
when suffering intestinal I/R
. Liver malfunction
[9]
often indicates a poor prognosis in MODS patients .
Oxidative stress and inflammatory cascade are
two critical pathogeneses in liver injury induced by
intestinal I/R. Intestinal I/R can induce leukocyte
(including neutrophils and lymphocytes) infiltration

DISCUSSION
To our knowledge, we may provide the first evidence
of the protective effect of AMPK/SIRT-1/autophagy
activated by FO in intestinal I/R induced liver injury.
In the present study, we demonstrated that intestinal
I/R caused significant liver injury, which was evidenced
by: (1) apparent liver tissue edema, hemorrhage, and
neutrophil infiltration; (2) liver dysfunction (increased
serum AST and ALT levels) associated with increased
TNF-α and MDA; (3) decreased protein and mRNA
expression of p-AMPK/AMPK and SIRT-1 associated
with autophagy (decreased LC3 Ⅱ and Beclin-1
expression but increased P62 expression); (4) FO
emulsion restored the balance of the factors and
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Figure 5 p-AMPK, AMPK, SIRT-1, Beclin-1, TNF-α, and MDA expression in HepG2 cells challenged with LPS, LPS + FO, LPS + FO + siAMPK, or LPS + FO +
siSIRT-1 (mean ± SD, n = 3). aP < 0.05, bP < 0.01 vs control; cP < 0.05 vs FO.

into the liver and results in an oxidative stress in
sinusoids that contributes to subsequent hepatocellular
[19]
injury . It has been proposed that activated Kupffer
cells and infiltrating neutrophils producing oxygen
radicals and chemical inflammatory mediators such
as TNF-α and IL-6 are involved in the gut I/R induced
[9]
neutrophil accumulation in the liver . TNF-α is regarded
as the most important proinflammatory cytokine
which contributes to both morbidity and mortality in
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inflammation cascade. Because the biological effects of
TNF-α both in the liver and elsewhere, it has been widely
[9]
used as an indicator of liver injury . Further, MDA as
an indicator of lipid peroxidation was determined in the
[19]
present study . We now demonstrated that serum
TNF-α and liver MDA were increased after intestinal I/R.
This is consistent with previous studies from our and
[7-9]
other laboratories .
Autophagy is a lysosome-mediated degradative
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Figure 6 Schematic representation of the novel potential protective mechanism of fish oil in liver injury induced by intestinal I/R through the AMPK/SIRT-1/
autophagy pathway.

pathway of cellular mechanisms for degrading misfolded
[10]
proteins . The execution of autophagy involves
three critical proteins including LC3 Ⅱ, P62/SQSTM1,
[20-22]
and Beclin 1
. Autophagy not only plays a crucial
role in normal liver but also diseased liver. Moderate
autophagy is benefit for cell survival against various
stress stimulations. Nevertheless, excessive activation
[23,24]
of autophagy results in cell death
. Autophagy also
exhibits dual roles in different disease circumstances
and also links to oxidative stress and inflammatory
[11,12]
reaction
. Previous studies indicated that autophagy
is a cellular self-protective mechanism against oxLDL[13]
induced injury . In the current study, decreased ex
pression of essential autophagy regulators (decrease of
Beclin 1 and LC3 Ⅱ and increase of P62) was observed
in rat liver challenged by intestinal I/R. FO induced
this self-protective mechanism, which manifested as
an increase of rat liver autophagy in case of intestinal
I/R. Similarly, FO also induced this self-protective
mechanism in HepG2 cells in the presence of I/R. Our
results suggested that FO conferred liver protection and
amplified the activation of autophagy during intestinal
I/R.
In addition, we identified the role of AMPK and SIRT-1
in FO stimulated autophagy in liver injury induced by
intestinal I/R. SIRT-1 belongs to the mammalian family
of sirtuins, a highly conserved family of NAD-dependent
deacetylases that regulate cellular energy and lifespan in
[25]
mammals . A study of SIRT-1 knockout mice showed
[26]
that SIRT-1 is an important regulator of autophagy .
SIRT-1 interacts with several essential components of
the autophagy machinery and elevates autophagy. We
and others have demonstrated that AMPK can enhance
the activity of SIRT-1, which is associated with the
[26,27]
cellular energy balance in animal models of stroke
.

WJG|www.wjgnet.com

It has been reported that AMPK phosphorylation
[16]
regulates SIRT-1 activity . Herein, we found that a
decrease of p-AMPK/AMPK and SIRT-1 protein and
mRNA expression in rat liver suffering from intestinal
I/R. However, FO promoted AMPK phosphorylation
and SIRT-1 expression in intestinal I/R-induced liver
injury. This is parallel with the autophagy levels but
contradictory with TNF-α and MDA expression. This is
consistent with a previous study indicating that AMPK
decreases after cold I/R injury of intestinal preservation
for transplantation and may be because of energy
[28,29]
deprivation under ischemic conditions
. In addition,
knockdown of AMPK impaired the FO-induced increase
of p-AMPK, SIRT-1, and Beclin-1 but the decrease of
TNF-α and MDA induced by in LPS-stimulated HepG2
cells, and knockdown of SIRT-1 impaired the FO-induced
increase of SIRT-1 and Beclin-1 but the decrease of
TNF-α and MDA. These indicated that FO stimulated
autophagy through the AMPK/SIRT-1 signaling pathway
in liver injury induced by intestinal I/R.
To our knowledge, we presented here, maybe for
the first time, that FO attenuated intestinal I/R induced
liver injury by inducing autophagy both in vivo and
in vitro through the AMPK/SIRT-1 signaling pathway
(Figure 6). Our results provide experimental evidence
for future clinical applications of FO or FO-related
products to prevent intestinal I/R associated liver
disease. This study has some limitations, and further
studies should be performed using gene knockout
animals and clinical application should be concentrated.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

The liver is the most vulnerable organ after intestinal ischemia/reperfusion (I/R)
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because the liver and intestine share the anatomical common pathway such as
coupled vasculature. The mechanism is obscure and has multiple overlapping
pathways. Increased evidence indicates that the AMPK/SIRT-1/autophagy
pathway may be involved in this process. Fish oil (FO) may regulate the AMPK/
SIRT-1/autophagy pathway to affect liver injury induced by intestinal I/R.

7

8

Research motivation

Understanding and regulating AMPK/SIRT-1/autophagy pathway using a safe
and effective substance like FO will be an important area of future research.

9

Research objectives

This study aimed to provide evidence that FO can attenuate intestinal I/R
induced liver injury by inducing autophagy through the AMPK/SIRT-1 pathway.
This will provide a therapeutic target for future clinical applications of FO to
prevent intestinal I/R associated liver disease.

10

Research methods

This research was performed using Wistar rats challenged by intestinal I/R and
HepG2 cells stimulated with LPS to mimic the in vivo pathogenesis. Further,
RNA interference has been employed, which laid a foundation for the future
gene knockout animal study.

11
12

Research results

Intestinal I/R induced apparent liver injury, including histopathological injury and
liver dysfunction, and this was associated with increased TNF-α and MDA, and
decreased AMPK/SIRT-1/autophagy molecular function. FO emulsion restored
the balance of the factors and alleviated liver injury. The similar results were
observed in HepG2 cells stimulated with LPS.

13

Research conclusions

Intestinal I/R induced liver injury is associated with decreased AMPK/SIRT-1/
autophagy (LC3 Ⅱ, Beclin-1, and P62 expression) molecular function. FO
emulsion restored the beneficial factors and alleviated liver injury. Similar
results were observed in HepG2 cells. We present a novel theory here that
FO can prevent intestinal I/R associated liver disease via the AMPK/SIRT-1/
autophagy pathway. This may be a potential novel target for patients. We may
provide the first evidence of AMPK/SIRT-1/autophagy regulated by FO in liver
injury induced by intestinal I/R. Our hypothesis was confirmed using rat models
and HepG2 cells treated with LPS and RNA interfere to mimic the conditions in
vivo. Thus, FO and FO-related products may have novel clinical applications to
prevent intestinal I/R associated liver disease in future.

14

15

16

Research perspectives

This study has some limitations and further studies should be performed using
gene knockout animals and clinical application should be concentrated.
17
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METHODS
A retrospective cohort study using prospectively
collected data was conducted at the China National
Cancer Center. Consecutive patients who underwent PR
from January 2004 to December 2015 were identified
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and included. ‘Elderly patient’ was defined as ones
age 65 and above. Comorbidities, clinicopathology,
perioperative variables, and postoperative morbidity
and mortality were compared between the elderly and
young patients. Univariate and multivariate analyses
were performed using the Cox proportional hazard
model for severe postoperative complications (grades
Ⅲb-Ⅴ).

INTRODUCTION
The aging population worldwide is growing at a re
markable rate. It is predicted that the proportion
of the population aged 65 or above, in developed
and developing nations alike, will rise until at least
[1]
2050 . The incidence of pancreatic and periampullary
cancer is strongly age-related, and elderly patients
[2]
represent 60% of all diagnosed cases . Pancreatic
resection is the only treatment with curative potential
for pancreatic and periampullary cancer, and it is a
[3]
useful treatment for other benign diseases . Thus,
pancreatic surgeons will increasingly face decisions on
whether to perform a pancreatic resection on elderly
patients.
Over the last decade, several reports described
outcomes for pancreatic resection on elderly patients;
[2,4-15]
however, the results are inconsistent. Some studies
reported a positive association between age and
the postoperative complications after pancreatic re
[3,16-27]
sections, whereas others
found no association.
Moreover, the majority of such studies were conducted
in developed countries. For developing countries, the
data was scarce. As such, we conducted a singlecenter, large-scale retrospective study to examine
the association between age and postoperative
complications after pancreatic resections in Chinese
patients.

RESULTS
A total of 454 (63.4%) patients were < 65-yearsold and 273 (36.6%) patients were ≥ 65-yearsold, respectively. Compared to patients < 65-yearsold, elderly patients had worse American Society
of Anesthesiologists scores (p = 0.007) and more
comorbidities (62.6% vs 32.4%, p < 0.001). Elderly
patients had more severe postoperative complications
(16.8% vs 9.0%, p = 0.002) and higher postoperative
mortality rates (5.5% vs 0.9%, p < 0.001). In the
multivariate Cox proportional hazards model for severe
postoperative complications, age ≥ 65 years [hazard
ratio (HR) = 1.63; 95% confidence interval (CI):
2
1.18-6.30], body mass index ≥ 24 kg/m (HR = 1.20,
95%CI: 1.07-5.89), pancreaticoduodenectomy (HR
= 4.86, 95%CI: 1.20-8.31) and length of operation
≥ 241 min (HR = 2.97; 95%CI: 1.04-6.14) were
significant (p = 0.010, p = 0.041, p = 0.017 and p =
0.012, respectively).
CONCLUSION
We found that aging is an independent risk factor for
severe postoperative complications after PR. Our results
might contribute to more informed decision-making for
elderly patients.
Key words: Pancreatectomy; Aged; Pancreatic cancer;
Postoperative complications; Mortality

MATERIALS AND METHODS

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

Patients who underwent pancreatic resection at
the Cancer Hospital of the Chinese Academy of
Medical Sciences, China National Cancer Center from
January 2004 to December 2015 were identified
and included in the study. All pancreatic resections
including pancreaticoduodenectomy (n = 385), distal
pancreatectomy (n = 281) and middle-segment
pancreatectomy (n = 51) were reviewed. The patients
were divided into those at the age of 65-years-old or
above and those younger than 65 years. The patients
aged at 65-years-old or above were defined as “elderly
patients”. All study procedures were approved by the
Institutional Review Board at the Cancer Hospital of the
Chinese Academy of Medical Sciences.
The following factors were compared between
two groups: demographic characteristics, smoking
and alcohol consumption, body mass index (BMI),
hemoglobin and serum albumin levels, American Society
of Anesthesiologists (ASA) score, preoperative biliary
drainage, comorbidities (diabetes, coronary artery

Core tip: Pancreatic resection is the only treatment
with curative potential for pancreatic cancer and peri
ampullary cancer, and it is a useful treatment for other
benign diseases. But, compromised physiological reserve
and comorbidities may counterindicate pancreatic
resection in elderly patients. We found that aging is
an independent risk factor for severe postoperative
complications (grades Ⅲb-Ⅴ). The potential deleteri
ous effect of age on severe complications translates
to a need for improvement in surgical management of
elderly patients undergoing pancreatic resection. Our
results might contribute to informed decision-making for
elderly patients.
Chen YT, Ma FH, Wang CF, Zhao DB, Zhang YW, Tian YT.
Elderly patients had more severe postoperative complications
after pancreatic resection: A retrospective analysis of 727 patients.
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disease, hypertension, chronic obstructive pulmonary
disease, hepatitis B), previous history of cancer, previous
abdominal surgery, family history of cancer, surgical
procedure, intraoperative data (operative time, intrao
perative blood loss), pathologic data, postoperative
hospital stay, cost, perioperative complications and
perioperative mortality.
Perioperative mortality was defined as in-hospital
death within 30 d after surgery. The specific compli
cations studied include delayed gastric emptying, pan
creatic fistula, bile leak, gastrointestinal hemorrhage,
cholangitis, pneumonia, wound infection, urinary tract
infection, intraabdominal abscess, central line infection,
and cerebrovascular accident. Postoperative compli
cations were defined according to the Clavien-Dindo
classification, and severe complications were defined as
[28,29]
complications grade Ⅲb and greater
. Length of stay
was calculated from the date of operation to the date of
hospital discharge.

between two groups (39.6% vs 33%, P = 0.075),
the incidence of postoperative severe complications
(grades Ⅲb-Ⅴ) was significantly higher in elderly
patients (16.8% vs 9.0%, P = 0.002). Gastrointestinal
hemorrhage and urinary tract infection was more
frequent in the elderly patients. There was no significant
difference in the incidence of delayed gastric emptying,
pancreatic fistula, bile leak, cholangitis, pneumonia,
wound infection, intraabdominal abscess, central line
infection and cerebrovascular accident between the
two groups. Postoperative mortality was significantly
higher in the elderly patients (5.5% vs 0.9%, p <
0.001) (Table 2).

Patient age and operative variables/length of hospital
stay

Age did not show a significant association with ope
rative time, cost of hospitalization or postoperative
hospital stay (Table 3). Intraoperative blood loss
(median: 468 mL) was comparable between groups,
whereas the number of individuals receiving blood
transfusions was significantly greater among elderly
patients (129/273 vs 169/454).

Statistical analysis

χ 2 tests (for categorical variables) or t-tests (for conti
nuous variables) were used to examine the differences in
patients’ characteristics between the elderly and young
groups. Univariate and multivariate Cox proportional
hazards regression models were performed to iden
tify independent predictors for severe postoperative
complications (grades Ⅲb-Ⅴ). A P-value of less than
0.05 was considered statistically significant. Statistical
analyses were conducted using SAS software version 9.3
(SAS Institute Inc., Cary, NC, United States).

Risk factors for severe postoperative complications
(grades Ⅲ b-Ⅴ ) in elderly patients

Univariate Cox proportional hazards regression models
identified the following risk factors for severe post
operative complications (grades Ⅲb-Ⅴ): age ≥ 65 (P
2
= 0.002), BMI ≥ 24 kg/m (P = 0.012), ASA score
Ⅲ/Ⅳ (P = 0.038), PD (P < 0.001), and length of
operation (≥ 241 min) (P = 0.004). In multivariate
analysis, independent factors were age ≥ 65 years
[P = 0.010; odds ratio (OR) = 1.63; 95% confidence
2
interval (CI): 1.18-6.30], BMI ≥ 24 kg/m (P = 0.041;
OR = 1.20; 95%CI: 1.07-5.89), PD (P = 0.017; OR =
4.86; 95%CI: 1.20-8.31), and length of operation (P =
0.12; OR = 2.97; 95%CI: 1.04-6.14) (Table 4).

RESULTS
Patient demographics and comorbidities

Pancreatic resection was performed in 454 elderly
patients (63.4%) and 273 young patients (36.6%). The
elderly patients had significantly higher male:female
ratio and alcohol consumption (Table 1). Compared to
the young patients, the elderly patients had statistically
higher preoperative ASA scores, with 48.4% of these
patients within Ⅲ/Ⅳ classes compared to 19.6% in the
young patients (P = 0.007), and had a higher rate of
preoperative biliary drainage (P = 0.011). The elderly
patients had more comorbidities (62.6% vs 32.4%,
P < 0.001). The incidences of diabetes, hypertension
and coronary artery disease were significantly higher
in elderly patients (Table 1). Depending on the primary
tumor localization, pancreaticoduodenectomy (n =
385), middle-segment pancreatectomy (n = 51) or
distal pancreatectomy (n = 281) were performed.
The most common malignancies were pancreatic
ductal adenocarcinoma in 45 (60.8%), and the rate of
pancreatic ductal adenocarcinoma was higher in the
elderly than in the young patients (P < 0.001).

DISCUSSION
Pancreatic resection is recognized as a highly invasive
surgery. Despite recent advances in surgical technique,
devices and perioperative care, elderly patients
undergoing pancreatic resection remain a challenge,
mainly due to compromised physiological reserve
and comorbidities, which may negatively impact the
[27]
postoperative outcomes .
In our study, we found that the incidence of severe
postoperative complications (grades Ⅲb-Ⅴ) was
significantly higher in elderly patients (16.8% vs 9.0%,
P = 0.002), although the overall complication rate was
comparable between the two groups (39.6% vs 33%,
P = 0.075). Recently, centers in developed counties
have started to report their results after pancreatic
resection in the elderly. The majority of studies reported
statistically higher postoperative complication rates

Patient age and postoperative complications

Although overall complication rate was comparable
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Table 1 Demographic, comorbidity, operation type, and pathology data in patients grouped according to age
< 65 yr, n = 454

Variable
Sex
Male
Female
Male:female ratio
Mean BMI in kg/m2
Smoking
Never
Ever
Mean smoking amount. in packs/yr
Mean smoking time in yr
Alcohol
Never
Ever
Mean preoperative TBIL in μmol/L
Preoperative serum albumin in g/L
ASA category Ⅲ + Ⅳ
Preoperative biliary drainage
Comorbidity
Patients with any comorbidity
Diabetes
Coronary artery disease
Hypertension
COPD
HBV
HCV
Previous history of cancer
Previous abdominal surgery
Family history of cancer
Operation type
Pancreaticoduodenectomy
Distal pancreatectomy
Middle-segment pancreatectomy
Pathology data
Pancreatic duct adenocarcinoma
Others1

≥ 65 yr, n = 273

Total, n = 727

P value

202
252
0.8
23.1

159
114
1.4
23.4

361
366
1.0
23.2

323
130
50
22.1

180
93
53
26.1

503
223
51
23.7

367
87
31.4
39.7
89
51

200
73
42.8
37.8
77
49

567
160
36.3
38.9
166
100

147
89
18
77
11
26
11
3
61
49

171
73
57
63
12
9
4
6
37
50

318
162
75
140
23
35
15
9
98
99

< 0.001
0.025
< 0.001
0.043
0.141
0.138
0.379
0.070
0.964
0.004

232
169
43

153
112
8

385
281
51

0.196
0.308
0.0008

94
360

101
172

195
532

< 0.001

0.0003
0.351
0.129

0.127
0.101
0.017

0.134
0.111
0.007
0.011

1

Distal bile duct adenocarcinoma, ampulla adenocarcinoma, gall bladder adenocarcinoma, duodenal adenocarcinoma, intraductal papillary mucinous
neoplasm, neuroendocrine neoplasm, pancreatic metastasis, solid pseudopapillary tumor, benign neoplasm, pancreatitis. ASA: American Society of
Anesthesiologists; BMI: Body mass index; COPD: Chronic obstructive pulmonary disease; HBV: Hepatitis B virus; HCV: Hepatitis C virus; TBIL: Total
bilirubin.
[5]

in the group they defined as elderly patients when
[8]
compared to young patients. Lahat et al reported
that elderly patients (age ≥ 70 years) had more
postoperative complications (41% vs 29%, P = 0.01),
longer hospital stays (26.2 d vs 19.7 d, p < 0.0001)
and higher incidences of perioperative mortality (5.4%
[2]
vs 1.4%, p = 0.01). Adham et al found that elderly
patients had higher postoperative mortality rates (12.9%
vs 3.9%, p = 0.04) and demonstrated age ≥ 70 years
[hazard ratio (HR) = 3.5; 95%CI: 1.3-9.3] as an
independent predictor of postoperative mortality. Ayman
[14]
et al
showed that the incidence of complications
was higher in elderly patients (25.9% in patients aged
< 65 years, 36.8% in those aged at 65 to 69 years,
and 37.5% in those aged ≥ 70 years, P = 0.006) and
postoperative hospital mortality was comparable. Kow
[10]
et al found that morbidity rate in elderly patients was
higher (56% vs 44%, p = 0.04) for age ≥ 70 years,
but the mortality rate was comparable (0% vs 3%,

WJG|www.wjgnet.com

p = 0.28). Riall et al described increasing age as an
independent risk factor for mortality after pancreatic
resection by using a large population-based cohort.
[15]
in the Netherlands
Another population-based study
found that postoperative length of stay in hospital was
longer and morbidity rate was higher (56% vs 44%,
p = 0.04) among elderly patients, and also showed
that elderly patient groups (≥ 70 years) exhibited a
higher short-term mortality risk compared to patients
under 70-years-old. Several studies did not show a
statistical difference in overall morbidity or mortality
rates between the older and younger groups. Our study
is one of the largest studies, and our data is consistent
with those from population-based studies.
2
Beside age, we also found BMI ≥ 24 kg/m ,
pancreaticoduodenectomy and length of operation
≥ 241 min (median) were independent risk factors
for severe postoperative complications (grades ⅢbⅤ). Taken together, age alone should not be the only
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Table 2 Postoperative complications in patients grouped according to age
Complication

< 65 yr, n = 454

≥ 65 yr, n = 273

Total, n = 727

P value

150 (33.0)
41 (9.0)
72 (15.9)
45 (9.9)
15 (3.3)
12 (2.6)
4 (0.9)
9 (2.0)
18 (4.0)
6 (1.3)
12 (2.6)
7 (1.5)
13 (2.9)
7 (1.5)
12 (2.6)
0 (0)
1 (0.2)
10 (2.2)
1 (0.2)
4 (0.9)

108 (39.6)
46 (16.8)
55 (20.1)
35 (12.8)
14 (5.1)
11 (4.0)
1 (0.4)
13 (4.8)
12 (4.4)
5 (1.8)
16 (5.9)
10 (3.7)
7 (2.6)
9 (3.3)
10 (3.7)
1 (0.4)
3 (1.1)
11 (4.0)
1 (0.4)
15 (5.5)

258 (35.5)
87 (12.0)
127 (17.5)
80 (11.0)
29 (4.0)
23 (3.2)
5 (0.7)
22 (3.0)
30 (4.1)
11 (1.5)
28 (3.9)
17 (2.3)
20 (2.8)
16 (2.2)
22 (3.0)
1 (0.1)
4 (0.5)
21 (2.9)
2 (0.3)
19 (2.6)

0.075
0.002a
0.140
0.225
0.224
0.301
0.416
0.034a
0.777
0.585
0.029a
0.067
0.811
0.118
0.437
0.197
0.121
0.154
0.716
< 0.001a

Patients with any complication
Patients with severe complication (grades Ⅲb-Ⅴ)
Pancreatic fistula
Delayed gastric emptying
Bile leak
Reoperation
Readmission
Gastrointestinal hemorrhage
Wound infection
Cholangitis
Urinary tract infection
Pneumonia
Intraabdominal abscess
Bacteremia
Central line infection
Pulmonary embolus
Deep venous thrombosis
Arrhythmia
Cerebrovascular accident
Mortality
Data are presented as n (%). aStatistical significance.

Table 3 Association among operative difficulty, postoperative hospital stay and cost with age
Variable

< 65 yr, n = 454

≥ 65 yr, n = 273

Total, n = 727

P value

239.8
461.0
169
21.1
76411

247.5
479.1
129
22.7
73610

243.1
468.0
298
21.9
74717

0.330
0.650
0.008
0.150
0.790

Mean operative time in min
Mean intraoperative blood loss in mL
Blood transfusion, n
Mean postoperative hospital stay in d
Mean cost in RMB

Table 4 Univariate and multivariate Cox proportional hazards models for severe postoperative complications (grades Ⅲb-Ⅴ)
Variable

Subgroup

Medical risk factors
Age in yr
BMI
ASA classification
Surgical risk factors
Pancreaticoduodenectomy
Length of operation

Univariate

Multivariate

P value

P value

HR (95%CI)

< 65 vs ≥ 65
< 24 kg/m2 vs ≥ 24 kg/m2
Ⅰ/Ⅱ vs Ⅲ/Ⅳ

0.002
0.012
0.038

0.010
0.041
0.271

1.63 (1.18-6.30)
1.20 (1.07-5.89)
-

Yes vs No
< 241 min vs ≥ 241 min (median)

< 0.001
0.004

0.017
0.012

4.86 (1.20-8.31)
2.97 (1.04-6.14)

ASA: American Society of Anesthesiologists; BMI: Body mass index; CI: Confidence interval; HR: Hazard ratio.

of 65 years as a definition of elderly. Compared to
patients aged < 65 years, those elderly patients had
statistically higher preoperative ASA scores and more
comorbidities, such as diabetes, hypertension and
coronary artery disease. In the present series, the
elderly patients had a higher rate of preoperative
biliary drainage (p = 0.011), which is in line with a
[21]
previous study
that found most physicians might
reduce the threshold of acceptable preoperative
bilirubin in the elderly, fearing the well-known impact
of sustained jaundice on nutritional status and renal
function in elderly patients. The elderly patients also

contraindication to pancreatic resection. It is important
for surgeons to recognize that elderly patients have
higher severe postoperative complications. In order
to allow the proper selection of those patients best
suited for surgery, a more comprehensive evaluation
of the comorbidities, BMI, complexity of the surgical
procedure and type of surgical procedure is required.
The age groups studied vary among the published
[10,19]
studies. Some studies
set 65-years-old as the
cut-off for elderly patients, while others set the ages
[2,8,13,15,21,23,25,27]
[3,18,22]
of 70 years
, 75 years
or even
[7,11,16,20]
80 years
as cut-offs. We accepted the age

WJG|www.wjgnet.com

848

February 21, 2018|Volume 24|Issue 7|

Chen YT et al . Elderly patients had more severe postoperative complications after pancreatic resection
outcomes following pancreatic resection in elderly patients.

had a higher rate of pancreatic duct adenocarcinoma;
this could be explained by age-dependent biological
differences.
The study has several strengths. First, to our know
ledge, this is one of the largest studies in developing
countries evaluating the effect of age on short-term
outcomes after pancreatic resection. Second, our
study used the Clavien-Dindo classification system to
classify the complications associated with pancreatic
resection, and we found that aging is an independent
risk factor for severe postoperative complications
(grades Ⅲb-Ⅴ), which have negative effects on healthrelated quality of life, length of stay and resource
[30,31]
utilization
. Our study may provide a more realistic
view of complications following pancreatic resection. As
for the current study, there are several limitations. The
retrospective nature of this study can be associated
with selection bias. The study also took place over
a 12-year period, during which advances in surgical
technique, devices and perioperative care likely
improved outcomes in elderly patients. In addition, all
patients were analyzed from a single institution, so the
findings may not be generalizable to other settings. The
limited sample size makes it difficult to further perform
subcategory analysis based on age.
In conclusion, increasing age is an independent
risk factor for severe postoperative complications
(grades Ⅲb-Ⅴ) after pancreatic resection. Therefore,
pancreatic surgery should be considered with caution
in elderly patients. Our results may contribute to
informed decision-making for elderly patients.

Research methods

A retrospective cohort study using prospectively collected data was conducted
at the Cancer Hospital of the Chinese Academy of Medical Sciences, China
National Cancer Center. The patients were divided into those at the age of
65-years-old or above and those younger than 65 years. The patients aged at
65-years-old or above were defined as ‘elderly patients’. The following factors
were compared between two groups: demographic characteristics, smoking and
alcohol consumption, body mass index (BMI), hemoglobin and serum albumin
levels, American Society of Anesthesiologists (ASA) score, preoperative biliary
drainage, comorbidities (diabetes, coronary artery disease, hypertension,
chronic obstructive pulmonary disease, hepatitis B), previous history of cancer,
previous abdominal surgery, family history of cancer, surgical procedure,
intraoperative data (operative time, intraoperative blood loss), pathologic data,
postoperative hospital stay, cost, perioperative complications and perioperative
mortality.

Research results

Compared to patients < 65-years-old, elderly patients had worse ASA scores
(p = 0.007) and more comorbidities (62.6% vs 32.4%, p < 0.001). Operative
time, intraoperative blood loss, postoperative hospital stay and cost were
comparable. Elderly patients had more severe postoperative complications
(grades Ⅲb-Ⅴ) (16.8% vs 9.0%, p = 0.002) and higher postoperative mortality
rates (5.5% vs 0.9%, p < 0.001). In the multivariate Cox proportional hazards
model for severe postoperative complications (grades Ⅲb-Ⅴ), age ≥ 65
years, BMI ≥ 24 kg/m2, pancreaticoduodenectomy and length of operation ≥
241 min were significant.

Research conclusions

Increasing age is an independent risk factor for severe postoperative
complications (grades Ⅲb-Ⅴ) after pancreatic resection. Therefore, pancreatic
surgery should be considered with caution in elderly patients. Our results
may contribute to informed decision-making for elderly patients. Aging is an
independent risk factor for severe postoperative complications after pancreatic
resection. We found that aging is an independent risk factor for severe
postoperative complications after pancreatic resection. Our results might
contribute to more informed decision-making for elderly patients. We found
that aging is an independent risk factor for severe postoperative complications
(grades Ⅲb-Ⅴ) after pancreatic resection. Our results might contribute to
more informed decision-making for elderly patients.
The association between age and postoperative complications after
pancreatic resections in Chinese patients is unknown. Our study used the
Clavien-Dindo classification system to classify the complications associated
with pancreatic resection, and we found that aging is an independent risk factor
for severe postoperative complications (grades Ⅲb-Ⅴ). Our study may provide
a more realistic view of complications following pancreatic resection.
Elderly patients had more severe postoperative complications and higher
postoperative mortality rates. Age ≥ 65 years is an independent risk factor for
severe postoperative complications (grades Ⅲb-Ⅴ) after pancreatic resection.
Outcomes for pancreatic resection on elderly patients are inconsistent. This
potential deleterious effect of age on severe complications needs improvement
for surgical management of elderly patients undergoing pancreatic resection.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Pancreatic resection is the only treatment with curative potential for pancreatic
cancer and periampullary cancer, and it is also a useful treatment for other
benign diseases. But, compromised physiological reserve and comorbidities
may counterindicate pancreatic resection on elderly patients. Over the last
decade, several reports described outcomes for pancreatic resection on elderly
patients; however the results are inconsistent. Some studies reported a positive
association between age and the postoperative complications after pancreatic
resections, whereas others found no association. Moreover, the majority of such
studies were conducted in developed countries. For developing countries, the
data was scarce.

Research motivation

The aging population worldwide is growing at a remarkable rate. It is predicted
that the proportion of the population aged 65 or above, in developed and
developing nations alike, will rise until at least 2050. The incidence of pancreatic
and periampullary cancer is strongly age-related, and elderly patients represent
60% of all diagnosed cases. Pancreatic resection is the only treatment with
curative potential for pancreatic and periampullary cancer, and it is also a useful
treatment for other benign diseases. Thus, pancreatic surgeons will increasingly
face decisions on whether to perform a pancreatic resection on elderly patients.
As such, we conducted a single-center, large-scale retrospective study to
examine the association between age and postoperative complications after
pancreatic resections in Chinese patients.

Research perspectives

We found that aging is an independent risk factor for severe postoperative
complications (grades Ⅲb-Ⅴ) after pancreatic resection. Our results might
contribute to more informed decision-making for elderly patients.
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Abstract
AIM
To define predictors of functional benefit of direct-acting
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virus (HCV) infection and liver cirrhosis.

Conflict-of-interest statement: Steinebrunner N received travel
support from BMS and Gilead; Stein K received lecturer fees
from Roche and Gilead; and Pathil A received travel support
from AbbVie and BMS and lecturer fees from AbbVie, BMS and
Gilead.

METHODS
We analysed a cohort of 199 patients with chronic HCV
genotype 1, 2, 3 and 4 infection involving previously
treated and untreated patients with compensated
(76%) and decompensated (24%) liver cirrhosis at two
tertiary centres in Germany. Patients were included with
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treatment initiation between February 2014 and August
2016. All patients received a combination regimen of
one or more DAAs for either 12 or 24 wk. Predictors
of functional benefit were assessed in a univariable as
well as multivariable model by binary logistic regression
analysis.

based hepatitis C virus (HCV) therapy has dramatically
increased the number of patients who are eligible
[1-4]
for anti-viral therapy
and high response rates can
be achieved with various combinational treatment
[5-7]
regimens
. However, patients infected with HCV
and suffering from liver cirrhosis remain a challenging
subgroup with lower sustained virological response
(SVR) rates compared with those patients with mild
[7,8]
or moderate hepatic impairment . An estimated
25% of patients with HCV infection in the United
States have cirrhosis, and this number is expected to
[9-11]
rise to 37% by 2020
. These patients are at risk of
disease-related complications, including hepatocellular
carcinoma, liver decompensation, end-stage liver disease
[7,12,13]
and finally the need for liver transplantation
.
Liver decompensation and hepatocellular carcinoma
associated with infection of HCV are the most common
causes for liver transplantation in Europe and North
America. Several trials have shown an early and
long-term improvement of liver function associated
with successful anti-viral treatment in the majority of
[14-21]
cases
. However, a certain number of patients with
compensated and decompensated liver cirrhosis show
a deterioration of liver function in spite of successful
[17,22,23]
viral clearance
. In this subset of patients with
advanced liver disease, the prediction of functional
benefit of anti-viral therapy in an individual patient is not
well established. Therefore, in our real-life observational
study, we analysed patients with HCV infection and liver
cirrhosis to evaluate predictors for identifying those
patients profiting most from antiviral therapy beyond
HCV eradication with significant clinical improvement of
hepatic function.

RESULTS
Viral clearance was achieved in 88% (175/199) of
patients. Sustained virological response (SVR) 12 rates
were as follows: among 156 patients with genotype 1
infection the SVR 12 rate was 90% (n = 141); among
7 patients with genotype 2 infection the SVR 12 rate
was 57% (n = 4); among 30 patients with genotype
3 infection the SVR 12 rate was 87% (n = 26); and
among 6 patients with genotype 4 infection the SVR
12 rate was 67% (n = 4). Follow-up MELD scores were
available for 179 patients. A MELD score improvement
was observed in 37% (65/179) of patients, no change
of MELD score in 41% (74/179) of patients, and an
aggravation was observed in 22% (40/179) of patients.
We analysed predictors of functional benefit from
antiviral therapy in our patients beyond viral eradication.
We identified the Child-Pugh score, the MELD score,
the number of platelets and the levels of albumin and
bilirubin as significant factors for functional benefit.
CONCLUSION
Our data may contribute to the discussion of potential
risks and benefits of antiviral therapy with individual
patients infected with HCV and with advanced liver
disease.
Key words: functional benefit; direct acting antiviral;
hepatitis C; cirrhosis; real-life data
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Therapeutic regimens for patients with chronic
hepatitis C virus (HCV) infection have substantially
improved over the last few years. However real-life data
in patients with cirrhosis are still limited, and predictors
of functional benefit of direct-acting antivirals are not
well defined. We analysed data from patients with HCV
infection and liver cirrhosis to evaluate predictors of
functional benefit for identifying patients profiting most
from antiviral therapy beyond HCV eradication.

We analysed clinical and laboratory data sets of all
consecutive patients aged 18 years or over with chronic
HCV genotype 1, 2, 3 or 4 infection and liver cirrhosis
receiving DAA-based antiviral therapy. Patients were
included with treatment initiation between February
2014 and August 2016 in a retrospective, longitudinal
study at two investigative sites in Germany. One patient
with HCV genotype 1b infection on a 12-wk regimen
of paritaprevir/ritonavir (PTV/r) + ombitasvir (OMV)
+ dasabuvir (DSV) ± ribavirin (RBV) prematurely
terminated treatment due to deterioration of liver
function and subsequently received a liver transplant.
After liver transplantation, the viral load remained
negative on follow-up. Another patient with HCV
genotype 1b infection on a 12-wk regimen of sofosbuvir
(SOF) + daclatasvir (DCV) prematurely terminated
treatment due to myalgia. At the point of treatment
discontinuation, the patient had no detectable viral load
and it remained negative on follow-up. In two patients
with HCV genotype 1b infection on a 12-wk regimen
of SOF + simeprevir (SMV) + RBV the dose of RBV

Patient population and study design

Steinebrunner N, Stein K, Sandig C, Bruckner T, Stremmel W,
Pathil A. Predictors of functional benefit of hepatitis C therapy in
a ‘real-life’ cohort. World J Gastroenterol 2018; 24(7): 852-861
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i7/852.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i7.852

INTRODUCTION
The introduction of all oral direct-acting antivirals (DAAs)
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was discontinued after four weeks and after six weeks
respectively, due to anaemia. Both patients showed
SVR on follow-up. One patient was non-adherent to
the antiviral treatment plan and showed no SVR. Three
patients were started on antiviral therapy and failed to
attend their follow-ups. These were, respectively, two
patients with a 12-wk regimen of SOF + ledipasvir (LDV)
+ RBV (genotype 1a and genotype 1b) and one patient
with a 12-wk regimen of SOF + DCV + RBV (genotype
3). These patients were classified as treatment failures.
All patients were included in the intention-to-treat (ITT)
analysis.
Patients received a combination treatment of one
or more DAAs with or without RBV for either 12 or 24
wk, depending on genotype, pre-treatment history
[1]
or contraindications according to local guidelines .
SOF was administered at 400 mg once daily or in
combination with LDV 90 mg as a single tablet coformulation. DCV was applied once daily at a dosing
of 60 mg, with dose adjustment to 30 mg or 90 mg
per day as recommended for patients with relevant
potential drug-drug interactions. SMV was applied
at a dosing of 150 mg once daily. Another treatment
combination was PTV/r 150 mg/100 mg plus OMV 25
mg (once daily) and DSV 250 mg (twice daily) with or
without RBV. RBV was administered twice daily, with
the dose determined according to body weight (1000
mg per day for patients with a body weight of < 75 kg
and 1200 mg per day in patients with a body weight ≥
75 kg), according to the individual treatment protocol.
Patients were reviewed at treatment weeks 4,
12 and 24 and at additional time points, if deemed
necessary, as well as 12 wk after the end of treatment.
Serum HCV-RNA and standard laboratory tests were
regularly assessed at baseline and at the following
clinical visits. The lower limit of quantification (LLOQ)
was 12 IU/ml [Abbott Real Time (ART) HCV assay
(Abbott Molecular, Des Plaines, IL, United States)]. Liver
cirrhosis was confirmed by liver histology or conducted
by evaluation of data sets from non-invasive tests,
comprising transient elastography (TE) (FibroScan,
Echosens, Paris, France), with a cut-off value for cirrhosis
of ≥ 12.5 kPa, ultrasound examination, imaging by
computed tomography or magnetic resonance, presence of
oesophageal varices and laboratory values. Classification
was according to the Child-Pugh score. Liver stiffness
measurements were performed according to current
[5,24]
EASL guidelines
at baseline and 12 wk after the
end of DAA treatment. The study was conducted in
accordance with the Guidelines for Good Clinical Practice
and the Declaration of Helsinki.

assessed in a non-stepwise method for multivariable
binary logistic regression analysis. To maintain the
validity of the logistic regression analysis relative to the
number of outcome events, a maximum of 7 variables
[25]
was selected . Variables were chosen due to clinical
relevance. These variables were selected based on
the clinical experience of the authors, as well as based
[23]
on the data of other publications
and were used
for univariable as well as for multivariable analyses.
MELD score and Child-Pugh score were assessed
for interaction and showed none. We performed the
Hosmer-Lemeshow test, which showed significance (p
= 0.02) and therefore demonstrated a low goodness
of fit. The removal of creatinine from the multivariable
assessments improved the goodness of fit considerably
(p = 0.43) and therefore was excluded from further
analyses. A p-value < 0.05 was considered statistically
significant. Statistical analysis was performed using
SPSS software (IBM SPSS Statistics 24, Armonk, NY,
United States) with additional analysis performed using
SAS 9.4 (SAS Institute, Cary, NC, United States).

RESULTS
Patient characteristics

We enrolled 199 patients with chronic HCV infection
and liver cirrhosis at two tertiary sites in Germany.
HCV genotype 1 was present in 78% (n = 156) of
patients, followed by genotype 3 in 15% (n = 30),
genotype 2 in 4% (n = 7) and genotype 4 in 3% (n = 6)
of patients. Our patient sample reflects existing data
for the distribution of genotypes in Central Europe:
Approximately 70% for genotype 1, followed by
21% for genotype 3, 3% for genotype 2 and 5% for
[26,27]
genotype 4
. Of all patients, 56% (n = 112) were
treatment experienced, and 4% (n = 8) had received
a protease inhibitor in a previous therapy. At treatment
initiation, 152 (76%) patients had compensated
cirrhosis and 47 (24%) had decompensated cirrhosis.
Baseline characteristics of the study cohort are shown
in Table 1. A combination treatment of SOF+RBV was
administered to 18% (n = 36) of patients, and 47%
(n = 93) of patients received a therapy regime of
SOF + LDV ± RBV. A therapy regime of SOF + DCV ±
RBV was administered to 19% (n = 38) of patients.
18 patients (9%) were treated with a regimen of SOF
+ SMV ± RBV. A therapy regime of PTV/r + OMV +
DSV ± RBV was applied in 7% (n = 14) of patients.
Treatment duration was either 12 or 24 wk, depending
on the individual treatment protocol. Details on the
treatment protocols with respect to the different
genotypes are shown in Table 2.

Statistical analysis

Efficacy of antiviral therapies

Continuous data were expressed by mean values
and standard deviation. Categorical variables were
expressed as absolute and relative numbers. Continuous
data were analysed with t-test and categorical data with
the chi-square test. Predictors of functional benefit were

WJG|www.wjgnet.com
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post-treatment and the respective variables were as
follows: INR was 1.13 ± 0.23; bilirubin was 1.4 ± 1.0
mgdl-1 and creatinine 0.80 ± 0.21 mgdl-1. A MELD
score decrease was observed in 37% (65/179) of
patients, no change of MELD score in 41% (74/179),
and an increase was observed in 22% (40/179). In
the subgroup of patients with a MELD decrease, 16%
(11/65) experienced a relapse, compared to 25%
(10/40) in the subgroup with a MELD increase. The
difference between these groups for this parameter
could not be deemed to be significant (p = 0.315).
The highest increase of the MELD score was +8 in
one patient, the largest reduction of the MELD score
was -6 in four patients (Figure 2A). In one patient,
the increase of the MELD score was 17 (from 12 to
29) within 10 d of treatment initiation. In this patient,
antiviral treatment was terminated prematurely. Of
the baseline factors examined (age, Child-Pugh
score, MELD score, creatinine, platelets, albumin and
bilirubin), the Child-Pugh score, the MELD score, the
number of platelets and the levels of albumin and
bilirubin were significant factors for functional benefit
in the univariable analyses. Multivariable analyses
showed a trend for MELD (p = 0.082) and for albumin
(p = 0.057), however significance at the level of 5%
was not reached (Table 3 and Figure 3).

Table 1 Baseline characteristics of the study population
Demographics
Age (yr)
Male gender
HCV genotype
1a
1b
1 (no confirmed subtype)
2
3
4
Viral load 106 (IU/mL)
Treatment history
Treatment naive
Treatment experienced
Protease inhibitor experienced
Liver/renal status
Platelets (103/µL)
Total bilirubin (mg/dL)
INR
Creatinine (mg/dL)
TE score (kPa)1
Average MELD score
MELD score
< 10
10-15
> 15
Child-Pugh score
A
B
C

Value
59 ± 10 (27-83)
133 (67)
47 (23)
100 (50)
9 (5)
7 (4)
30 (15)
6 (3)
2.04 ± 3.46 (0.01-34.50)
86 (43)
113 (57)
8 (4)
116 ± 61 (26-341)
1.4 ± 0.9 (0.2-5.7)
1.34 ± 0.78 (0.40-5.70)
0.80 ± 0.22 (0.43-1.96)
24.5 ± 12.5 (5.5-75)
9 ± 3 (6-23)
130 (65)
59 (30)
10 (5)
152 (76)
40 (20)
7 (4)

Changes in transient elastography

Data are expressed as n (%) or means ± SD (range). 1Data available for 112
patients.

Mean TE scores before treatment initiation were 24.5 ±
12.5 kPa. After antiviral therapy, TE scores decreased
in 75% of patients (33/44) and increased in 20% of
patients (9/44) 12 wk post-treatment. Two patients
(5%) had no change in TE scores. Four patients had a
relapse of HCV infection as well as a decrease in liver
stiffness measured at that time (Figure 2B).

with genotype 2 infection (4/7) reached SVR 12. Among
30 patients with genotype 3 infection, the SVR 12 rate
was 87% (26/30) and among 6 patients with genotype
4 infection, the SVR 12 rate was 67% (4/6) (Figure
1). Anti-viral treatment in our patient group was well
tolerated. However, one patient treated with PTV/r +
OMV + DSV ± RBV presented with acute liver failure
within 10 d of treatment initiation. Therefore, antiviral
therapy was terminated at this time. Deterioration
of liver function was associated with a worsening of
the MELD score from 12 to 29. This patient received
a liver transplant within a short period of time with
subsequently undetectable HCV RNA on follow-ups.

DISCUSSION
Interferon-free combinations of DAAs have profoundly
improved the efficacy and safety of HCV treatment in
patients with cirrhosis, which is the group of patients
most difficult to cure. Overall response rates to DAAbased therapies in our patient group were high at 88%
(175/199). This is consistent with previously published
data of DAA treatment regimens in patients with an
advanced stage of liver disease. However, there is
restricted comparability of SVR rates of our patients
with previously published trials, due to differences
in study populations, including clinical characteristics
of patients, pre-treatment history and the specific
treatment plans and treatment duration. For patients
with genotype 1 infection treated with SOF + LDV for
12 wk, in the ION-1 trial SVR was achieved in 97% of
previously untreated patients and in the ION-2 trial
in 93% of treatment-experienced patients. However,
the ION-1 and ION-2 trial included only 15%-20%
[29,30]
of patients with cirrhosis
. In the TURQUOISE-II
trial, 191 (92%) of 208 treatment-naive or treatment-

Changes in liver function

The MELD score consists of international normalized
[28]
ratio (INR), serum bilirubin and creatinine levels .
At treatment initiation, the mean MELD score in our
cohort was 9 ± 3 and the respective variables were
as follows: INR was 1.34 ± 0.78; bilirubin was 1.4 ±
0.9 mgdl-1 and creatinine 0.80 ± 0.22 mgdl-1. Of all
patients, 130 (65%) had a MELD score <10; 59 (30%)
had a MELD score in the range of 10-15; and 10 (5%)
had a MELD score >15. At 12 wk post-treatment,
laboratory data were available for 179 patients. The
average MELD score in the total number of our studied
patients remained unchanged with 9 ± 3 at 12 wk
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Figure 1 Efficacy of treatment. Sustained virological response rates 12 wk after the end of treatment (SVR 12) are shown for patients with HCV genotype 1, 2, 3 or
4 (A-D). Patients were sub-classified for therapy regime and treatment duration.
[22,32]

experienced patients with compensated cirrhosis
treated for 12 wk with ritonavir-boosted PTV + OMV
[31]
+ DSV achieved SVR . In the SOLAR-1 and SOLAR-2
trials, including patients with cirrhosis with HCV
genotype 1 or 4 treated with SOF/LDV + RBV for 12
[22,32]
or 24 wk, SVR rates were 86% to 89%
. In the
SOLAR trials, viral eradication was associated with an
improvement of MELD scores, but it is unclear whether
the benefits were related to viral eradication alone or
due to a more stringent care of patients at specialized
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centres in the setting of a clinical trial
.
In general, randomized controlled trials involve a
more homogenous cohort of patients with typically
extensive inclusion and exclusion criteria, while reallife cohorts represent a more diverse spectrum of
patients with fewer restrictions. Thus, these cohorts
help to better understand the risk of virological failure
in a real-life clinical setting.
It has to be emphasised that current DAA treat
ments are expensive. Therefore, stratification and
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Table 2 Therapy regime and treatment duration
Therapy regime

Treatment duration (wk)

GT 1

GT 2

12
24
12
12
24
12
24
12
24
12
12
12
12

2 (1)
11 (5)

5 (3)

SOF + RBV
SOF + RBV
SOF + LDV
SOF + LDV + RBV
SOF + LDV + RBV
SOF + DCV
SOF + DCV
SOF + DCV + RBV
SOF + DCV + RBV
SOF + SMV
SOF + SMV + RBV
PTV/r + OMV + DSV
PTV/r + OMV + DSV + RBV

73 (36)
14 (6)
2 (1)
19 (9)
3 (2)
3 (2)
13 (6)
2 (1)
8 (4)
6 (3)

GT 3

GT 4

18 (9)
1 (1)
2 (1)
3 (2)
1 (1)
2 (1)

1 (1)
7 (3)
3 (2)

Data are expressed as number of patients for each therapy regime (percent of total patients). GT: Genotype, SOF: Sofosbuvir; RBV: Ribavirin; LDV:
Ledipasvir; DCV: Daclatasvir; SMV: Simeprevir; PTV/r: Paritaprevir/ritonavir; OMV: Ombitasvir; DSV: Dasabuvir.

A

SVR 12
Relapse

Change in MELD score

10

5

n = 74
0

-5

-10

B

SVR 12
Relapse

Change in fibroscan score (kPa)

40

20

n =2
0

-20

-40

Figure 2 Change in MELD score (A) and liver stiffness (B) from baseline to 12 wk post-therapy. A: Baseline and follow-up data at 12 wk after the end of
treatment was available for n = 179 patients. Each bar represents an individual patient. Patients with a relapse in follow-up are highlighted in pale grey. B: Baseline
and follow-up data at 12 wk after the end of treatment was available for n = 44 patients. Each bar represents an individual patient. Patients with a relapse in follow-up
are highlighted in pale grey.
[7]

prioritisation of patients by identifying those with the
most urgent need for therapy and the most likely to
benefit from therapy are important until treatment
costs decrease as several effective drugs offering a
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cure are introduced .
SVR has been shown to reduce both all-cause
and liver-related mortality from HCV infection among
[21,33]
patients with cirrhosis
and also an improvement of
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Table 3 Predictors of functional benefit (MELD score decrease) following antiviral therapy based on patient baseline characteristics
Baseline parameters
Age (yr)
Child-Pugh A
Child-Pugh B/C
MELD
Creatinine (mg/dL)
Platelets (/nL)
Albumin (g/L)
Bilirubin (mg/dL)

MELD decrease
Yes (n = 78, 44%)

No (n = 101, 56%)

59 ± 9
53 (38)
25 (62)
10 ± 3
0.8 ± 0.3
104 ± 56
36.7 ± 5.2
1.6 ± 1.0

59 ± 9
86 (62)
15 (38)
8±3
0.9 ± 0.8
126 ± 64
39.9 ± 4.9
1.1 ± 0.8

P value (univariable)

P value (multivariable3)

OR (95%CI)

0.9781
0.0062

0.815
0.592

0.996 (0.961-1.032)
1.327 (0.472-3.725)

< 0.0011
0.3441
0.0141
< 0.0011
< 0.0011

0.082
0.617
0.057
0.739

1.177 (0.980-1.414)
0.998 (0.992-1.005)
0.928 (0.860-1.002)
1.096 (0.638-1.883)

Data are expressed as n (%) or means ± SD (range). Baseline and follow-up data at 12 wk after the end of treatment was available for n = 179 patients. 1t-test;
2
Chi-square-test; 3Multivariable logistic regression.

Pre-treatment MELD

25

P < 0.001

classification system to determine the urgency for liver
transplantation. Consequently, we suggest that the
MELD score also might be a valuable tool in assessing
the risk and benefit of DAA treatment and might be
more reliable than the Child-Pugh score. This is in line
[23]
with the results of the study by Foster et al , including
patients with HCV and decompensated cirrhosis
treated with SOF + LDV or SOF + DCV either with or
without RBV for a total of 12 wk. This study analysed
patient characteristics to identify patients most likely to
benefit from therapy. Regression analysis of baseline
characteristics and association with MELD change
yielded baseline MELD score as the only significant
[23]
independent factor .
However, it should be mentioned that benefits,
including mortality, even in non-advanced liver disease
such as low-grade fibrosis have been found in long[36,37]
term studies following antiviral treatment
.
In a study of the Irish Early Access Programme, 101
patients with advanced cirrhosis with HCV genotype
1, 3 or 4 were treated with SOF + LDV ± RBV for 12
wk. The overall SVR 12 rate for this cohort was 74.3%.
This data depicts high SVR rates in this difficult to treat
patient group. However, the authors also reported
8 deaths, representing an on-treatment mortality in
patients with Child-Pugh B score at a baseline of 6%
(4/67), and in patients with Child-Pugh C score at a
baseline of 21% (4/19). The causes of death for the
eight patients were: liver failure (n = 2), intracerebral
haemorrhage (n = 2), sepsis (n = 2), complications
from a pre-existing hepatocellular carcinoma (n = 1)
[38]
and cardiac arrest (n = 1) . However, with efficacy
and safety of DAA therapy established in large patient
cohorts, it appears that in these cases of adverse
events were caused by the underlying disease
[39]
process . The data of our study support the general
statement that DAA treatment is safe, even in patients
with advanced liver disease.
As there was no significant difference in the rate
of relapse in the group of patients with a MELD score
increase compared to the group with no change in
MELD score or with a decrease of the MELD score, the
risk of a relapse seems to be independent of functional

20

15

10

5
No decrease of MELD
Decrease of MELD
Functional benefit of therapy

Figure 3 MELD score as a predictor of functional benefit of antiviral
therapy.
[22]

the MELD score has been reported . In the SOLAR-2
study including patients with advanced cirrhosis with
Child-Pugh class B and C, a majority of patients showed
an improvement of the MELD score under successful
[32]
DAA therapy . Nevertheless, some patients showed
no change or even a deterioration of the MELD score
despite viral clearance.
Considering that not all patients with cirrhosis
benefit from HCV therapy despite SVR, the key question
is which patients profit. The Child-Pugh score is a
prognostic model for liver cirrhosis, which has been a
useful clinical tool in day-to-day clinical practice for over
[34]
50 years . However, the Child-Pugh score includes
subjective criteria (ascites and encephalopathy) besides
the laboratory values of INR, bilirubin and albumin.
Furthermore, the Child-Pugh score is not as accurate
in predicting mortality of patients with liver cirrhosis as
is the MELD score. In contrast to the Child-Pugh score,
the MELD score has been derived from prospectively
collected data rather than empirically constructed data.
Also, the MELD score increases as the three variables
(INR, bilirubin and creatinine) deteriorate, whereas the
constituent parameters in the Child-Pugh score remain
[35]
fixed once a defined threshold has been reached .
Therefore, the MELD score has been established as a
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tool to guide antiviral therapy in affected patients.

hepatic changes during therapy.
Transient elastography measurements are esta
blished for fibrosis and cirrhosis assessment in patients
[5,6,40,41]
with HCV infection
. However, experience in the
change of transient elastography following antiviral
therapy is still limited. We observed a decrease of
transient elastography measures in 75% of patients
(33/44) following antiviral therapy. A recent study
showed a significant reduction of liver stiffness assessed
by transient elastography only for patients who achieve
[42]
SVR . However, in our patient cohort, four patients
with a relapse presented with a decrease of transient
elastography measures. It remains to be further
examined whether the changes in liver stiffness indicate
a regression of fibrosis or an attenuation of chronic liver
inflammation caused by HCV replication. These results
have to be validated in a larger cohort of patients, and
it has to be determined whether these early changes
persist with a longer follow-up time interval.
In conclusion, novel treatment algorithms with
DAAs for chronic HCV infection yield excellent results
even in a patient population with cirrhosis. However,
it may be useful to pinpoint parameters to identify
those patients who will actually benefit clinically from
antiviral therapy beyond viral eradication. Our results
suggest that the Child-Pugh score, the MELD score,
the number of platelets and the levels of albumin
and bilirubin may be predictors of functional benefit
from DAA-based therapy. This association may serve
as another tool for health care providers to discuss
treatment options and assess the risks and benefits of
antiviral therapy with patients on an individual basis.

Research conclusions

With the introduction of DAAs, the indication for therapy for patients with
HCV infection and with liver cirrhosis has dramatically expanded with vast
improvements of SVR. However, it remains unclear, which patients profit most
from antiviral therapy. Therefore, a simple and feasible clinical index may be
beneficial to evaluate the presumed effect of antiviral therapy before treatment
initiation. Based on the parameters studied, we suggest the MELD score as
part of such an evaluation system.

Research perspectives

The ultimate goal of antiviral therapy in patients with HCV infection is to avoid
hepatic complications such as the development of hepatocellular carcinoma or
hepatic decompensation. Further research with large patient groups and longer
observation periods is warranted to define and confirm predictive markers to
identify patients, which profit clinically most from antiviral therapy beyond viral
eradication

REFERENCES
1

2
3
4

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS

5

Research background

To improve patient care by assisting health care professionals in the decisionmaking process for treatment of patients infected with hepatitis C virus (HCV).
6

Research motivation

Direct-acting antivirals (DAAs) have recently opened up promising new
therapeutic options for patients with chronic HCV infection. Nevertheless, in
order to study the efficacy of these regimens, especially in difficult-to-treat
patient populations, such as patients with liver cirrhosis, real-life data is needed.

7

Research objectives

8

We investigated patients in our real-life cohort from two tertiary referral centres
in Germany. We analysed data from patients with HCV infection and liver
cirrhosis to evaluate predictors of functional benefit for identifying patients
profiting most of antiviral therapy beyond HCV eradication.

Research methods

Predictors of functional benefit were determined in a univariable as well as
multivariable model assessed by binary logistic regression analysis. For
reasons of validity of the logistic regression analysis (relative to the number of
outcome events), a maximum of 7 clinically relevant variables was selected.

9

Research results

Our results indicate that the Child-Pugh score, the MELD score, the number of
platelets and the levels of albumin and bilirubin may be predictors of functional
benefit from DAA-based therapy, so that these variables may serve as another

WJG|www.wjgnet.com

10

859

Lin H, Zeng J, Xie R, Schulz MJ, Tedesco R, Qu J, Erhard
KF, Mack JF, Raha K, Rendina AR, Szewczuk LM, Kratz PM,
Jurewicz AJ, Cecconie T, Martens S, McDevitt PJ, Martin JD,
Chen SB, Jiang Y, Nickels L, Schwartz BJ, Smallwood A, Zhao B,
Campobasso N, Qian Y, Briand J, Rominger CM, Oleykowski C,
Hardwicke MA, Luengo JI. Discovery of a Novel 2,6-Disubstituted
Glucosamine Series of Potent and Selective Hexokinase 2
Inhibitors. ACS Med Chem Lett 2015; 7: 217-222 [PMID:
26985301 DOI: 10.1021/acsmedchemlett.5b00214]
European Association for Study of Liver. EASL Recommendations
on Treatment of Hepatitis C 2015. J Hepatol 2015; 63: 199-236
[PMID: 25911336 DOI: 10.1016/j.jhep.2015.03.025]
European Association for the Study of the Liver. EASL
recommendations on treatment of hepatitis C 2014. J Hepatol 2014;
61: 373-395 [PMID: 24818984 DOI: 10.1016/j.jhep.2014.05.001]
European Association for the Study of the Liver. EASL
Recommendations on Treatment of Hepatitis C 2016. J Hepatol 2017;
66: 153-194 [PMID: 27667367 DOI: 10.1016/j.jhep.2016.09.001]
European Association for Study of Liver; Asociacion
Latinoamericana para el Estudio del Higado. EASL-ALEH
Clinical Practice Guidelines: Non-invasive tests for evaluation of
liver disease severity and prognosis. J Hepatol 2015; 63: 237-264
[PMID: 25911335 DOI: 10.1016/j.jhep.2015.04.006]
Friedrich-Rust M, Ong MF, Martens S, Sarrazin C, Bojunga J,
Zeuzem S, Herrmann E. Performance of transient elastography for
the staging of liver fibrosis: a meta-analysis. Gastroenterology 2008;
134: 960-974 [PMID: 18395077 DOI: 10.1053/j.gastro.2008.01.034]
Staton-Tindall M, Webster JM, Oser CB, Havens JR, Leukefeld
CG. Drug use, hepatitis C, and service availability: perspectives of
incarcerated rural women. Soc Work Public Health 2015; 30: 385-396
[PMID: 25950907 DOI: 10.1080/19371918.2015.1021024]
Nelson DR, Cooper JN, Lalezari JP, Lawitz E, Pockros PJ, Gitlin N,
Freilich BF, Younes ZH, Harlan W, Ghalib R, Oguchi G, Thuluvath
PJ, Ortiz-Lasanta G, Rabinovitz M, Bernstein D, Bennett M,
Hawkins T, Ravendhran N, Sheikh AM, Varunok P, Kowdley
KV, Hennicken D, McPhee F, Rana K, Hughes EA; ALLY-3
Study Team. All-oral 12-week treatment with daclatasvir plus
sofosbuvir in patients with hepatitis C virus genotype 3 infection:
ALLY-3 phase III study. Hepatology 2015; 61: 1127-1135 [PMID:
25614962 DOI: 10.1002/hep.27726]
Davis GL, Alter MJ, El-Serag H, Poynard T, Jennings LW. Aging
of hepatitis C virus (HCV)-infected persons in the United States: a
multiple cohort model of HCV prevalence and disease progression.
Gastroenterology 2010; 138: 513-521, 521.e1-521.e6 [PMID:
19861128 DOI: 10.1053/j.gastro.2009.09.067]
Hajarizadeh B, Grebely J, Dore GJ. Epidemiology and natural
history of HCV infection. Nat Rev Gastroenterol Hepatol 2013; 10:

February 21, 2018|Volume 24|Issue 7|

Steinebrunner N et al . Predictors of benefit of antiviral therapy

11

12

13

14

15

16
17

18

19

20

21

22

553-562 [PMID: 23817321 DOI: 10.1038/nrgastro.2013.107]
Razavi H, Elkhoury AC, Elbasha E, Estes C, Pasini K, Poynard
T, Kumar R. Chronic hepatitis C virus (HCV) disease burden and
cost in the United States. Hepatology 2013; 57: 2164-2170 [PMID:
23280550 DOI: 10.1002/hep.26218]
Steinebrunner N, Sandig C, Sommerer C, Hinz U, Giese T,
Stremmel W, Zahn A. Reduced residual gene expression of nuclear
factor of activated T cells-regulated genes correlates with the risk
of cytomegalovirus infection after liver transplantation. Transpl
Infect Dis 2014; 16: 379-386 [PMID: 24666466 DOI: 10.1111/
tid.12206]
Steinebrunner N, Sandig C, Sommerer C, Hinz U, Giese T,
Stremmel W, Zahn A. Pharmacodynamic monitoring of nuclear
factor of activated T cell-regulated gene expression in liver
allograft recipients on immunosuppressive therapy with calcineurin
inhibitors in the course of time and correlation with acute rejection
episodes--a prospective study. Ann Transplant 2014; 19: 32-40
[PMID: 24457606 DOI: 10.12659/AOT.889809]
Backus LI, Boothroyd DB, Phillips BR, Belperio P, Halloran
J, Mole LA. A sustained virologic response reduces risk of allcause mortality in patients with hepatitis C. Clin Gastroenterol
Hepatol 2011; 9: 509-516.e1 [PMID: 21397729 DOI: 10.1016/
j.cgh.2011.03.004]
Bruno S, Crosignani A, Facciotto C, Rossi S, Roffi L, Redaelli A,
de Franchis R, Almasio PL, Maisonneuve P. Sustained virologic
response prevents the development of esophageal varices in
compensated, Child-Pugh class A hepatitis C virus-induced
cirrhosis. A 12-year prospective follow-up study. Hepatology 2010;
51: 2069-2076 [PMID: 20196120 DOI: 10.1002/hep.23528]
Butt AA, Wang X, Moore CG. Effect of hepatitis C virus and its
treatment on survival. Hepatology 2009; 50: 387-392 [PMID:
19591128 DOI: 10.1002/hep.23000]
Curry MP, O’Leary JG, Bzowej N, Muir AJ, Korenblat KM,
Fenkel JM, Reddy KR, Lawitz E, Flamm SL, Schiano T, Teperman
L, Fontana R, Schiff E, Fried M, Doehle B, An D, McNally
J, Osinusi A, Brainard DM, McHutchison JG, Brown RS Jr,
Charlton M; ASTRAL-4 Investigators. Sofosbuvir and Velpatasvir
for HCV in Patients with Decompensated Cirrhosis. N Engl J
Med 2015; 373: 2618-2628 [PMID: 26569658 DOI: 10.1056/
NEJMoa1512614]
George SL, Bacon BR, Brunt EM, Mihindukulasuriya KL,
Hoffmann J, Di Bisceglie AM. Clinical, virologic, histologic, and
biochemical outcomes after successful HCV therapy: a 5-year
follow-up of 150 patients. Hepatology 2009; 49: 729-738 [PMID:
19072828 DOI: 10.1002/hep.22694]
Mira JA, Rivero-Juárez A, López-Cortés LF, Girón-González JA,
Téllez F, de los Santos-Gil I, Macías J, Merino D, Márquez M,
Ríos-Villegas MJ, Gea I, Merchante N, Rivero A, Torres-Cornejo
A, Pineda JA; Grupo Andaluz para el Estudio de las Hepatitis
Víricas de la Sociedad Andaluza de Enfermedades Infecciosas.
Benefits from sustained virologic response to pegylated interferon
plus ribavirin in HIV/hepatitis C virus-coinfected patients with
compensated cirrhosis. Clin Infect Dis 2013; 56: 1646-1653 [PMID:
23429381 DOI: 10.1093/cid/cit103]
Poordad F, Schiff ER, Vierling JM, Landis C, Fontana RJ, Yang
R, McPhee F, Hughes EA, Noviello S, Swenson ES. Daclatasvir
with sofosbuvir and ribavirin for hepatitis C virus infection
with advanced cirrhosis or post-liver transplantation recurrence.
Hepatology 2016; 63: 1493-1505 [PMID: 26754432 DOI: 10.1002/
hep.28446]
van der Meer AJ, Veldt BJ, Feld JJ, Wedemeyer H, Dufour JF,
Lammert F, Duarte-Rojo A, Heathcote EJ, Manns MP, Kuske L,
Zeuzem S, Hofmann WP, de Knegt RJ, Hansen BE, Janssen HL.
Association between sustained virological response and all-cause
mortality among patients with chronic hepatitis C and advanced
hepatic fibrosis. JAMA 2012; 308: 2584-2593 [PMID: 23268517
DOI: 10.1001/jama.2012.144878]
Charlton M, Everson GT, Flamm SL, Kumar P, Landis C, Brown
RS Jr, Fried MW, Terrault NA, O’Leary JG, Vargas HE, Kuo A,
Schiff E, Sulkowski MS, Gilroy R, Watt KD, Brown K, Kwo P,

WJG|www.wjgnet.com

23

24
25

26

27

28

29

30

31

32

33

860

Pungpapong S, Korenblat KM, Muir AJ, Teperman L, Fontana RJ,
Denning J, Arterburn S, Dvory-Sobol H, Brandt-Sarif T, Pang PS,
McHutchison JG, Reddy KR, Afdhal N; SOLAR-1 Investigators.
Ledipasvir and Sofosbuvir Plus Ribavirin for Treatment of
HCV Infection in Patients With Advanced Liver Disease.
Gastroenterology 2015; 149: 649-659 [PMID: 25985734 DOI:
10.1053/j.gastro.2015.05.010]
Foster GR, Irving WL, Cheung MC, Walker AJ, Hudson BE,
Verma S, McLauchlan J, Mutimer DJ, Brown A, Gelson WT,
MacDonald DC, Agarwal K; HCV Research, UK. Impact of direct
acting antiviral therapy in patients with chronic hepatitis C and
decompensated cirrhosis. J Hepatol 2016; 64: 1224-1231 [PMID:
26829205 DOI: 10.1016/j.jhep.2016.01.029]
Castera L, Forns X, Alberti A. Non-invasive evaluation of liver
fibrosis using transient elastography. J Hepatol 2008; 48: 835-847
[PMID: 18334275 DOI: 10.1016/j.jhep.2008.02.008]
Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR. A
simulation study of the number of events per variable in logistic
regression analysis. J Clin Epidemiol 1996; 49: 1373-1379 [PMID:
8970487]
Messina JP, Humphreys I, Flaxman A, Brown A, Cooke GS,
Pybus OG, Barnes E. Global distribution and prevalence of
hepatitis C virus genotypes. Hepatology 2015; 61: 77-87 [PMID:
25069599 DOI: 10.1002/hep.27259]
Petruzziello A, Marigliano S, Loquercio G, Cacciapuoti C.
Hepatitis C virus (HCV) genotypes distribution: an epidemiological
up-date in Europe. Infect Agent Cancer 2016; 11: 53 [PMID:
27752280 DOI: 10.1186/s13027-016-0099-0]
Kamath PS, Wiesner RH, Malinchoc M, Kremers W, Therneau
TM, Kosberg CL, D’Amico G, Dickson ER, Kim WR. A model
to predict survival in patients with end-stage liver disease.
Hepatology 2001; 33: 464-470 [PMID: 11172350 DOI: 10.1053/
jhep.2001.22172]
Afdhal N, Reddy KR, Nelson DR, Lawitz E, Gordon SC, Schiff E,
Nahass R, Ghalib R, Gitlin N, Herring R, Lalezari J, Younes ZH,
Pockros PJ, Di Bisceglie AM, Arora S, Subramanian GM, Zhu Y,
Dvory-Sobol H, Yang JC, Pang PS, Symonds WT, McHutchison
JG, Muir AJ, Sulkowski M, Kwo P; ION-2 Investigators.
Ledipasvir and sofosbuvir for previously treated HCV genotype 1
infection. N Engl J Med 2014; 370: 1483-1493 [PMID: 24725238
DOI: 10.1056/NEJMoa1316366]
Afdhal N, Zeuzem S, Kwo P, Chojkier M, Gitlin N, Puoti M,
Romero-Gomez M, Zarski JP, Agarwal K, Buggisch P, Foster
GR, Bräu N, Buti M, Jacobson IM, Subramanian GM, Ding X,
Mo H, Yang JC, Pang PS, Symonds WT, McHutchison JG, Muir
AJ, Mangia A, Marcellin P; ION-1 Investigators. Ledipasvir
and sofosbuvir for untreated HCV genotype 1 infection. N Engl
J Med 2014; 370: 1889-1898 [PMID: 24725239 DOI: 10.1056/
NEJMoa1402454]
Poordad F, Hezode C, Trinh R, Kowdley KV, Zeuzem S,
Agarwal K, Shiffman ML, Wedemeyer H, Berg T, Yoshida EM,
Forns X, Lovell SS, Da Silva-Tillmann B, Collins CA, Campbell
AL, Podsadecki T, Bernstein B. ABT-450/r-ombitasvir and
dasabuvir with ribavirin for hepatitis C with cirrhosis. N Engl J
Med 2014; 370: 1973-1982 [PMID: 24725237 DOI: 10.1056/
NEJMoa1402869]
Manns M, Samuel D, Gane EJ, Mutimer D, McCaughan G,
Buti M, Prieto M, Calleja JL, Peck-Radosavljevic M, Müllhaupt
B, Agarwal K, Angus P, Yoshida EM, Colombo M, Rizzetto M,
Dvory-Sobol H, Denning J, Arterburn S, Pang PS, Brainard D,
McHutchison JG, Dufour JF, Van Vlierberghe H, van Hoek B,
Forns X; SOLAR-2 investigators. Ledipasvir and sofosbuvir plus
ribavirin in patients with genotype 1 or 4 hepatitis C virus infection
and advanced liver disease: a multicentre, open-label, randomised,
phase 2 trial. Lancet Infect Dis 2016; 16: 685-697 [PMID:
26907736 DOI: 10.1016/S1473-3099(16)00052-9]
Bruno S, Stroffolini T, Colombo M, Bollani S, Benvegnù L,
Mazzella G, Ascione A, Santantonio T, Piccinino F, Andreone P,
Mangia A, Gaeta GB, Persico M, Fagiuoli S, Almasio PL; Italian
Association of the Study of the Liver Disease (AISF). Sustained

February 21, 2018|Volume 24|Issue 7|

Steinebrunner N et al . Predictors of benefit of antiviral therapy

34
35

36

37

38

virological response to interferon-alpha is associated with
improved outcome in HCV-related cirrhosis: a retrospective study.
Hepatology 2007; 45: 579-587 [PMID: 17326216 DOI: 10.1002/
hep.21492]
Child CG, Turcotte JG. Surgery and portal hypertension. Major
Probl Clin Surg 1964; 1: 1-85 [PMID: 4950264]
Malinchoc M, Kamath PS, Gordon FD, Peine CJ, Rank J, ter
Borg PC. A model to predict poor survival in patients undergoing
transjugular intrahepatic portosystemic shunts. Hepatology 2000;
31: 864-871 [PMID: 10733541 DOI: 10.1053/he.2000.5852]
Zahnd C, Salazar-Vizcaya L, Dufour JF, Müllhaupt B, Wandeler
G, Kouyos R, Estill J, Bertisch B, Rauch A, Keiser O; Swiss
HIV; Swiss Hepatitis C Cohort Studies. Modelling the impact of
deferring HCV treatment on liver-related complications in HIV
coinfected men who have sex with men. J Hepatol 2016; 65: 26-32
[PMID: 26921687 DOI: 10.1016/j.jhep.2016.02.030]
McCombs J, Matsuda T, Tonnu-Mihara I, Saab S, Hines P, L’
italien G, Juday T, Yuan Y. The risk of long-term morbidity and
mortality in patients with chronic hepatitis C: results from an
analysis of data from a Department of Veterans Affairs Clinical
Registry. JAMA Intern Med 2014; 174: 204-212 [PMID: 24193887
DOI: 10.1001/jamainternmed.2013.12505]
Gray E, O’Leary A, Stewart S, Bergin C, Cannon M, Courtney
G, Crosbie O, De Gascun CF, Fanning LJ, Feeney E, Houlihan
DD, Kelleher B, Lambert JS, Lee J, Mallon P, McConkey S,
McCormick A, McKiernan S, McNally C, Murray F, Sheehan

39
40

41

42

G, Norris S; Irish Hepatitis C Outcomes and Research Network
(ICORN). High mortality during direct acting antiviral therapy for
hepatitis C patients with Child’s C cirrhosis: Results of the Irish
Early Access Programme. J Hepatol 2016; 65: 446-448 [PMID:
27130842 DOI: 10.1016/j.jhep.2016.03.022]
Curry MP. Direct acting antivirals for decompensated cirrhosis.
Efficacy and safety are now established. J Hepatol 2016; 64:
1206-1207 [PMID: 26948496 DOI: 10.1016/j.jhep.2016.02.041]
Sandrin L, Fourquet B, Hasquenoph JM, Yon S, Fournier C, Mal
F, Christidis C, Ziol M, Poulet B, Kazemi F, Beaugrand M, Palau R.
Transient elastography: a new noninvasive method for assessment
of hepatic fibrosis. Ultrasound Med Biol 2003; 29: 1705-1713
[PMID: 14698338]
Degos F, Perez P, Roche B, Mahmoudi A, Asselineau J, Voitot
H, Bedossa P; FIBROSTIC study group. Diagnostic accuracy of
FibroScan and comparison to liver fibrosis biomarkers in chronic
viral hepatitis: a multicenter prospective study (the FIBROSTIC
study). J Hepatol 2010; 53: 1013-1021 [PMID: 20850886 DOI:
10.1016/j.jhep.2010.05.035]
Bachofner JA, Valli PV, Kröger A, Bergamin I, Künzler P, Baserga
A, Braun D, Seifert B, Moncsek A, Fehr J, Semela D, Magenta
L, Müllhaupt B, Terziroli Beretta-Piccoli B, Mertens JC. Direct
antiviral agent treatment of chronic hepatitis C results in rapid
regression of transient elastography and fibrosis markers fibrosis-4
score and aspartate aminotransferase-platelet ratio index. Liver Int
2017; 37: 369-376 [PMID: 27678216 DOI: 10.1111/liv.13256]
P- Reviewer: Inoue K, Marcos M S- Editor: Gong ZM
L- Editor: A E- Editor: Huang Y

WJG|www.wjgnet.com

861

February 21, 2018|Volume 24|Issue 7|

World J Gastroenterol 2018 February 21; 24(7): 862-869

Submit a Manuscript: http://www.f6publishing.com
DOI: 10.3748/wjg.v24.i7.862

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

ORIGINAL ARTICLE
Retrospective Study

Predictors of post-treatment stenosis in cervical esophageal
cancer undergoing high-dose radiotherapy
Jun Won Kim, Tae Hyung Kim, Jie-Hyun Kim, Ik Jae Lee
Jun Won Kim, Tae Hyung Kim, Ik Jae Lee, Department of
Radiation Oncology, Gangnam Severance Hospital, Yonsei
University College of Medicine, Seoul 06273, South Korea

the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Manuscript source: Unsolicited manuscript

Jie-Hyun Kim, Department of Internal Medicine, Gangnam
Severance Hospital, Yonsei University College of Medicine,
Seoul 06273, South Korea

Correspondence to: Ik Jae Lee, MD, PhD, Associate
Professor, Department of Radiation Oncology, Gangnam
Severance Hospital, Yonsei University College of Medicine, 211
Eonju-ro, Gangnam-gu, Seoul 06273,
South Korea. ikjae412@yuhs.ac
Telephone: +82-2-20193158
Fax: +82-2-20194855

ORCID number: Jun Won Kim (0000-0003-1358-364X); Tae
Hyung Kim (0000-0002-5205-3775); Jie-Hyun Kim (0000-0002
-9198-3326); Ik Jae Lee (0000-0001-7165-3373).
Author contributions: All authors helped to perform the
research; Kim JW contributed to manuscript writing, data analysis
and drafting design; Kim TH contributed to data analysis; Kim JH
contributed to performing procedures; and Lee IJ contributed to
drafting concept and design and performing procedures.
Supported by Basic Science Research Program through
National Research Foundation of Korea (NRF) funded by
Ministry of Education, No. 2017R1D1A1B03035047; and
National Research Foundation of Korea Grant funded by
Korean Government, No. NRF-2017M2A2A4A03083634.

Received: December 11, 2017
Peer-review started: December 11, 2017
First decision: December 20, 2017
Revised: December 25, 2017
Accepted: January 16, 2018
Article in press: January 16, 2018
Published online: February 21, 2018

the
the
the
the

Abstract

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

AIM
To evaluate toxicity and treatment outcome of highdose radiotherapy (RT) for cervical esophageal cancer
(CEC).

Informed consent statement: Patients were not required to
give informed consent to the study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to treatment by written consent.

METHODS
We reviewed a total of 62 consecutive patients who
received definitive RT for stage Ⅰ to Ⅲ cervical
esophageal cancer between 2001 and 2015. Patients
who received < 45 Gy, treated for lesions below
sternal notch, treated with palliative aim, treated
with subsequent surgical resection, or diagnosed with
synchronous hypopharyngeal cancer were excluded.
Treatment failures were divided into local (occurring
within the RT field), outfield-esophageal, and regional
[occurring in regional lymph node(s)] failures. Factors
predictive of esophageal stenosis requiring endoscopic
dilation were analyzed.

Conflict-of-interest statement: All authors declare no conflictsof-interest related to this article.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
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different terms, provided the original work is properly cited and
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[1]

RESULTS
Grade 1, 2, and 3 esophagitis occurred in 19 (30.6%),
39 (62.9%), and 4 patients (6.5%), respectively,
without grade ≥ 4 toxicities. Sixteen patients (25.8%)
developed post-RT stenosis, of which 7 cases (43.8%)
were malignant. Four patients (6.5%) developed
tracheoesophageal fistula (TEF), of which 3 (75%)
cases were malignant. Factors significantly correlated
with post-RT stenosis were stage T3/4 (P = 0.001),
complete circumference involvement (P < 0.0001),
stenosis at diagnosis (P = 0.024), and endoscopic
complete response (P = 0.017) in univariate analysis,
while complete circumference involvement was signifi
cant in multivariate analysis (P = 0.003). A higher dose
(≥ 60 Gy) was not associated with occurrence of postRT stenosis or TEF. With a median follow-up of 24.3
(range, 3.4-152) mo, the 2 y local control, outfield eso
phageal control, progression-free survival, and overall
survival (OS) rates were 78.9%, 90.2%, 49.6%, and
57.3%, respectively. Factors significantly correlated
with OS were complete circumference involvement
(P = 0.023), stenosis at diagnosis (P < 0.0001), and
occurrence of post-RT stenosis or TEF (P < 0.001) in
univariate analysis, while stenosis at diagnosis (P =
0.004) and occurrence of post-RT stenosis or TEF (P =
0.023) were significant in multivariate analysis.

accounts for 2%-10% of all esophageal carcinomas .
Squamous cell carcinoma (SCC) is predominant in the
proximal esophagus, and the highest rates of SCC are
[2]
found in East Asia and Southern Africa . There are
no prospective clinical trials to establish the standard
care for cervical esophageal cancer (CEC). Because
CEC is located between the cricopharyngeal muscle
and the sternal notch, the surgical procedure to CEC is
[3]
extensive, such as pharyngo-laryngo-esophagectomy ,
resulting in permanent tracheostomy and significant
[4]
deterioration of quality of life . Concurrent chemo
radiotherapy (CRT) has emerged as the preferred
[5]
treatment modality for CEC . Common toxic effects of
definitive CRT for CEC include dysphagia, dehydration,
[6]
mucositis, esophagitis, dermatitis, and fatigue . Late
toxic effects, such as stricture and fistulas may also
[7,8]
occur .
Because of its anatomical proximity to the hypoph
arynx, CRT protocols for CEC are somewhat analog
[6]
ous to those for hypopharyngeal cancer . However,
unlike locally advanced SCC of the hypopharynx which
[9]
requires 70 Gy in 35 fractions for definitive CRT , the
standard dose of CRT for esophageal cancer remains
[5,10]
50 Gy
. Although a higher-than-standard dose of 50
[5]
Gy is suggested for CEC , the increased dose to the
esophagus may lead to a higher incidence of severe
[11]
toxicities, including ulcer, perforation, and stenosis .
Organs at risk for RT planning depend on the site of
treatment. Radiation pneumonitis and fibrosis are of
major concern when planning for the thoracic esophagus
but are of less importance for CEC. Esophageal toxicity
information from hypopharyngeal cancer treatment is
of limited value; the radiation field for hypopharyngeal
cancer includes only a small segment of the cervical
esophagus, while RT for CEC includes a large segment
of the esophagus because of expansion of the cranioca
udal margins from the gross tumor and the entire
esophageal circumference. Reports on the high-dose
radiation-induced toxicity of CEC are scarce, although
information can be inferred from the retrospective data
on head and neck cancer patients experiencing toxicities
[12]
of the proximal esophagus . A toxicity evaluation is
required before the administration of dose-escalated
protocols.
We report the outcome and toxicity of definitive
radiotherapy (RT) for CEC, with an emphasis on the
identification of clinical variables associated with the
occurrence of post-RT esophageal stenosis and tracheo
esophageal fistulas (TEF).

CONCLUSION
Chemoradiation for CEC was well tolerated, and a
higher dose was not associated with stenosis. Patients
with complete circumferential involvement require close
follow-up.
Key words: Chemoradiotherapy; Post-radiotherapy
stenosis; High-dose radiotherapy; Cervical esophageal
cancer
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study reports the outcome and toxicity
of high dose (median 63 Gy) radiotherapy for cervical
esophageal cancer. Post-RT stenosis and tracheoeso
phageal fistula rates were 26% and 6.5%, respectively.
Stenosis at diagnosis and post-RT stenosis/fistula was
significantly associated with overall survival. Complete
circumference involvement was significantly associated
with post-RT stenosis but dose higher than 60 Gy was
not.
Kim JW, Kim TH, Kim JH, Lee IJ. Predictors of post-treatment
stenosis in cervical esophageal cancer undergoing high-dose
radiotherapy. World J Gastroenterol 2018; 24(7): 862-869
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i7/862.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i7.862

MATERIALS AND METHODS
Patients

We retrospectively reviewed a total of 62 consecutive
patients who received definitive RT for pathologically
confirmed stage Ⅰ-Ⅲ (American Joint Committee
th
on Cancer 7 edition) CEC between 2001 and 2015.
CEC was defined as a tumor of the esophagus located
between the inferior border of the cricoid cartilage and

INTRODUCTION
Carcinoma of the cervical esophagus is uncommon and
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the thoracic inlet (suprasternal notch). Tumors with
the epicenter located below the sternal notch were
generally considered non-CEC for this study. Patients
treated with a palliative aim, those who received < 45
Gy, those treated with subsequent surgical resection,
or those diagnosed with synchronous hypopharyngeal
cancer were excluded. All procedures were performed
in accordance with the Helsinki Declaration of 1975,
as revised in 1983. This study was approved by the
institutional review board (4-2017-0027).

regional lymph node(s)] failures. Factors predictive of
esophageal stenosis requiring endoscopic dilation and
TEF were analyzed.

Statistical analysis

Survival time was measured from the date of diagnosis
to the date of the first event or the date of death.
Survival curves were estimated using the Kaplan-Meier
method, and multivariate analysis was performed
using the Cox proportional hazard model. Correlation
between clinical variables and post-RT occurrence of
esophageal stenosis/TEF was performed using the
χ 2 test. A P value < 0.05 was indicative of statistical
significance.

Treatment

All patients were treated according to institutional
protocols, consisting of platinum-based concurrent CRT
or RT alone if patients could not tolerate chemotherapy.
The gross tumor volume (GTV) was defined as a visible
tumor in the esophagus and gross regional lymph node
metastasis. The initial clinical target volume (CTV1) was
defined by expansion of the GTV by 4 cm craniocaudally
and 1-2 cm laterally, as well as bilateral supraclavicular
lymph nodes inclusion for elective nodal irradiation. The
initial planning target volume (PTV1) was defined as
CTV1 plus a 0.5 cm margin in all directions, and 36-45
Gy in a conventional daily fractionation of 1.8 Gy was
prescribed for PTV1. The boost CTV (CTV2) included
the GTV plus a 3-4 cm craniocaudal margin and a 1-2
cm lateral margin, excluding the elective nodal field.
PTV2 was obtained by adding a 0.5 cm margin to CTV2
in all directions and received a total dose of up to 50.4
Gy, while limiting the maximum spinal cord dose under
45 Gy. For patients receiving a total dose higher than
50.4 Gy, an additional boost dose was delivered to
PTV3, which comprised the GTV with a narrow margin
of 0.5-1 cm in all directions. Cisplatin (or carboplatin)
and 5-fluorouracil (5-FU) based chemotherapy was
used. Two cycles of chemotherapy were administered
concurrently with RT, followed by 1-6 cycles of
[13]
consolidation chemotherapy .

RESULTS
Patient characteristics

The median age was 66 (range, 29-86) years, and SCC
was predominant (90.3%). The numbers of patients
with T1, T2, T3, and T4 disease were 14 (22.6%), 6
(9.7%), 30 (48.4%), and 12 (19.3%), respectively. The
median length of tumor involvement of the esophagus
was 5.0 (range, 1-14) cm, and 22 patients had a tumor
involving 100% of the esophageal circumference.
The median biologically equivalent RT dose in 1.8-Gy
fraction was 63 (range, 45-90) Gy. Two of the patients
received a total dose of 81 Gy and 90 Gy each because
a boost RT (18-27 Gy) was delivered to the residual
tumor 1-2 mo after 63 Gy. Sixty patients (96.8%) were
treated with concurrent chemotherapy (Table 1).

Toxicity and risk factors

Grade 1, 2, and 3 esophagitis occurred in 19 (30.6%),
39 (62.9%), and 4 patients (6.5%), respectively,
without grade 4 or 5 toxicities. Sixteen patients
(25.8%) developed stenosis requiring dilation within
a median of 5.5 mo (range 1.1-22.5) after RT, among
which 7 cases (11.3%) were malignant strictures.
Four patients (6.5%) developed TEF within a median
of 2.6 mo (range 1.8-5.8) after RT, 3 (4.8%) of which
were malignant fistulas (Table 2). Factors showing a
significant correlation with post-RT stenosis requiring
dilation were T3/4 disease (vs T1/2) (P = 0.001),
100% circumference involvement (vs < 100%) (P <
0.0001), stenosis at diagnosis (vs none) (P = 0.024),
and endoscopic CR (vs < CR) (P = 0.017) in univariate
analysis. A higher dose (≥ 60 Gy) was not associated
with post-RT stenosis (P = 0.515). Only 100%
circumference involvement was significantly associated
with stenosis in multivariate analysis (P = 0.003)
(Table 3). Factors showing significant correlation with
either post-RT stenosis requiring dilatation or TEF were
T3/4 (vs T1/2) (P < 0.0001), 100% circumference
involvement (vs < 100%) (P < 0.0001), stenosis at
diagnosis (vs none) (P = 0.023), and endoscopic CR
(vs < CR) (P = 0.001) in univariate analysis. Higher
dose (≥ 60 Gy) was not associated with post-RT

Follow-up and evaluation

Upon completion of concurrent CRT, patients were
evaluated every 3 mo for the first year and every 6
mo thereafter with a physical examination, toxicity
assessment, upper gastrointestinal endoscopy, com
puted tomography (CT) scans of the neck, chest, and
abdomen, and, when necessary, positron emission
tomography-CT. Acute and late toxicity was assessed
using the Radiation Therapy Oncology Group (RTOG)
criteria. Esophageal stenosis was evaluated using
esophagography or endoscopy, and significant sten
osis was defined as symptomatic stenosis requiring
endoscopic dilatation and/or stent insertion. Endoscopic
complete remission (CR) of the primary tumor was
defined when all visible tumors disappeared on
endoscopy and a negative biopsy was conducted, with
these outcomes lasting for more than 4 wk. Treatment
failures were divided into local (occurring within the RT
field), outfield-esophageal, and regional [occurring in
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Table 1 Demographic and treatment data (n = 62)
n (%)

Characteristics
Sex
Age
Pathology

Female:Male

4:58 (6.5:93.5)
Median 66 yr (range 29-86)
56 (90.3)
2 (3.2)
4 (6.5)
14 (22.6)
6 (9.7)
30 (48.4)
12 (19.3)
14 (22.6)
48 (77.4)
Median 5.0 cm (range 1-14)
Median 5.0 cm (range 1-20)
40 (64.5)
22 (35.5)
45 (72.6)
17 (27.4)
Median 63 Gy (range 45-90)
60 (96.8)
2 (3.2)
39 (62.9)
23 (37.1)

Squamous cell carcinoma
Adenocarcinoma
Other
T1
T2
T3
T4
N0
N+

T stage

Regional node metastasis
Tumor length
Total length of skip lesions
Involved circumference

< 100%
100%
No
Yes

Stenosis at diagnosis
Radiation dose (EQD1.8)
Concurrent chemotherapy

Yes
No
CR
< CR

Endoscopic response

EQD1.8: Biologically equivalent dose in 1.8 Gy fractions; CR: Complete response.

Table 2 Post-radiotherapy toxicity profile
Toxicity
Esophagitis

RTOG Gr 1
RTOG Gr 2
RTOG Gr 3
All
Malignant
All
Malignant

RT stenosis1
T-E fistula

n (%)

RT-event interval (mo)

19 (30.6)
39 (62.9)
4 (6.5)
16 (25.8)
7 (11.3)
4 (6.5)
3 (4.8)

Median 5.5 (range 1.1-22.5)
Median 2.6 (range 1.8-5.8)

1

Stenosis requiring dilatation. RTOG: Radiation therapy oncology group; T-E: Tracheoesophageal; Gr: Grade; RT: Radiotherapy.

stenosis or TEF (P = 0.259). Both 100% circumfer
ence involvement (P = 0.002) and endoscopic CR
(P = 0.035) were significantly associated with the
occurrence of post-RT stenosis or TEF in multivariate
analysis (Supplementary Table 1). Table 4 summarizes
the clinical variables and treatment outcomes among
the 19 patients who developed post-RT stenosis
requiring dilatation or TEF. Nine of these patients had
endoscopic findings of total esophageal obstruction at
the time of diagnosis and 10 patients had dysphagia
symptoms only. Seven of the 8 patients (87.5%) who
developed non-malignant post-RT stenosis and 5 of
the 7 patients (71.4%) who developed malignant
post-RT stenosis initially had 100% circumferential
esophageal involvement by the tumor. Four patients
with post-RT TEF showed a CR or partial response (PR)
and developed fistulas within 6 mo after completion
of RT. Of the 17 patients who initially had endoscopic
finding of total obstruction at the time of diagnosis,
post-RT stenosis requiring dilatation was reported in 8
patients (3 malignant stenosis) and malignant TEF in 2

WJG|www.wjgnet.com

patients (Supplementary Table 2).

Treatment outcome and prognostic factors

Twenty-seven patients were alive at the time of
diagnosis. The median follow-up was 24.3 (range,
3.4-152) mo for all patients and 67.8 (range, 17.8-152)
mo for surviving patients. An endoscopic CR was
achieved in 39 patients (62.9%). A total of 34 patients
experienced treatment failures: 7 local, 3 outfield
esophageal, 6 regional, 11 distant, 2 concurrent local and
regional, 1 concurrent outfield esophageal and regional,
3 concurrent local and distant, and 1 concurrent outfield
esophageal, regional, and distant failure (Supplementary
figure 1). The 2-year local failure-free (LFFS), outfield
esophageal failure-free, regional failure-free, distant
metastasis-free, progression-free, and overall survival
(OS) rates were 78.9%, 90.2%, 79.5%, 72.7%, 49.6%,
and 57.3%, respectively. T3/4 stage (P = 0.050),
stenosis at diagnosis (P = 0.025), and RT stenosis or
TEF (P = 0.001) showed a correlation with LFFS in
univariate analysis. Only the occurrence of RT stenosis
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Table 3 Factors influencing occurrence of post-radiotherapy stenosis n (%)
Characteristics

No. of Patients

P value

Stenosis
No

Yes

Univariate

Multivariate

30
32

24 (80)
22 (69)

6 (20)
10 (31)

0.236

20
42

20 (100)
26 (62)

0
16 (38)

0.001

0.998

40
22

37 (93)
9 (41)

3 (7)
13 (59)

< 0.0001

0.003

28
34

22 (79)
24 (71)

6 (921)
10 (29)

0.338

45
17

37 (82)
9 (53)

8 (18)
8 (47)

0.024

36
26

30 (83)
16 (62)

6 (17)
10 (38)

0.051

37
25

27 (73)
19 (76)

10 (27)
6 (24)

0.515

39
23

33 (85)
13 (56)

6 (15)
10 (44)

0.017

Age
≤ 65

> 65
T stage
T1/2
T3/4
Involved circumference
< 100%
100%
Total length
< 5.0
≥ 5.0
Stenosis at diagnosis
No
Yes
Dysphagia at diagnosis
≤ 1 mo
> 1 mo
RT dose
≥ 60 Gy
< 60 Gy
Endoscopic response
CR
< CR

0.995

0.740

RT: Radiotherapy; CR: Complete response.

Table 4 Patients with post-radiotherapy stenosis or tracheoesophageal fistula (n = 19)
Age/Sex
29/F
70/M
64/M
68/F
75/M
60/F
68/M
73/M
64/M
69/M
64/M
68/M
73/M
75/M
74/M
57/M
57/M
72/M
51/M

T stage

Involve circumf

Initial stenosis/ management

RT (Gy)

Response

Toxicity (onset, mo)

Outcome (mo)

T3
T3
T4a
T3
T3
T4b
T3
T4b
T3
T4b
T4a
T3
T3
T3
T3
T3
T3
T3
T3

100%
100%
100%
100%
100%
100%
100%
75%
100%
100%
100%
100%
100%
40%
50%
100%
100%
100%
40%

Dysphagia only
Total obst/none
Dysphagia only
Dysphagia only
Total obst/none
Total obst/stent
Dysphagia only
Total obst/stent
Dysphagia only
Total obst/stent
Dysphagia only
Total obst/none
Total obst/PEG
Dysphagia only
Dysphagia only
Dysphagia only
Total obst/stent
Total obst/stent
Dysphagia only

59.4
59.4
63.0
63.0
63.0
70.0
70.2
90.01
50.4
50.4
59.4
63.0
63.0
57.6
81.01
63.0
60.0
63.0
63.0

CR
PR
PR
CR
PR
CR
SD
PR
PR
SD
PR
PR
PR
CR
CR
PR
CR
PR
PR

Stenosis (20)
Stenosis (5)
Stenosis (1)
Stenosis (1)
Stenosis (2)
Stenosis (4)
Stenosis (6)
Stenosis (11)
Stenosis2 (9)
Stenosis2 (2)
Stenosis2 (7)
Stenosis2 (2)
Stenosis2 (22)
Stenosis2 (14)
Stenosis2 (9)
TEF (3)
Stenosis (1)/TEF2 (6)
TEF2 (2)
TEF2 (2)

NED, alive (152)
DOOC (12)
DM (5), DOD (7)
NED, alive (21)
DOOC (22)
NED, alive (23)
InF (8), DOD (14)
DM (13), DOD (17)
InF (17), DOD (20)
DOOC (5)
DM (3)/InF (9), DOD (11)
DM (3), DOD (5)
InF (16), DOD (31)
InF (7), DOD (31)
InF (9), DOD (16)
OutF (8), DOD (9)
InF (8), DOD (14)
DOOC (5)
RF (4), DOD (6)

1

Boost RT (18-27 Gy) was delivered to residual tumor 1-2 mo after 63 Gy. 2Malignant complications. Involve circumf: Percent of esophageal circumference
involved by tumor; RT: Radiotherapy; obst: Obstruction; PEG: Percutaneous endoscopic gastrostomy; CR: Complete response; PR: Partial response; SD:
Stable disease; InF: Infield failure; OutF: Outfield failure; RF: Regional failure; DM: Distant metastasis; DOD: Died of disease; DOOC: Died of other cause;
NED: No evidence of disease; TEF: Tracheoesophageal fistula.

or TEF showed a trend towards poor LFFS in multivariate
analysis (P = 0.066) (Supplementary Table 3 and Figure
1A). Factors showing significant correlations with OS
were 100% circumference involvement (P = 0.023),
stenosis at diagnosis (P < 0.0001), and occurrence
of radiation induced stenosis or TEF (P < 0.001) in
univariate analysis. Both stenosis at diagnosis (P = 0.004)
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and occurrence of RT stenosis or TEF (P = 0.023) were
significantly associated with OS in multivariate analysis
(Supplementary Table 4 and Figure 1B).

DISCUSSION
The most common radiation-induced late esophageal
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Figure 1 Comparison of local failure-free survival (A) and overall survival (B) between patients who experienced post-radiotherapy stenosis or
tracheoesophageal fistula and those who did not. TEF: Tracheoesophageal fistula.

toxicity is dysphagia due to dysmotility and esophageal
[14]
stricture , and these complications can result from
muscular damage, submucosal fibrosis, and possibly
[15]
nerve damage . Unlike the lower esophagus, the
proximal esophagus is composed predominantly of
striated muscles, and conscious, voluntary swallowing
is the key function in this part of the organ. Thus,
stricture after RT rather than impaired peristalsis and
involuntary swallowing may be the main cause of
dysphagia in the cervical esophagus.
Toxicity evaluation of higher-than-standard-dose
RT for CEC was necessary, and the primary objective
of the current study was to determine clinical factors
associated with the development of post-RT stenosis
and TEF. Although most of the patients (96.8%) were
treated with standard cisplatin and 5-FU-based CRT,
the radiation dose used for the current study, at a
median of 63 (range, 45-90) Gy, was significantly
higher than the standard dose of 50 Gy. In the current
study, preservation of the esophageal passage, either
pre-RT (at diagnosis) stenosis (P = 0.004) or postRT stenosis/TEF (P = 0.023), was an independent
prognostic factor associated with OS, suggesting that
resolution of the initial stenosis and prevention of posttreatment stenosis are indeed important in prolonging
patients’ survival.
The esophagus is a hollow viscous organ with a
tubular structure and it functions in series, such that
destruction of the complete circumference of a small
volume of esophagus could result in dysfunction of
the entire organ. Unlike treating head and neck or
lung cancers, full circumferential treatment of the
esophagus cannot be avoided when treating tumors
[16]
originating in the esophagus. Maguire et al observed
that patients who received > 80 Gy to any portion
of the entire organ circumference had an increased
risk of late toxicity in multivariate analysis. Although
a higher dose to the esophagus increases the risk of
severe complications, the application of more than 50
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Gy may improve local control. In the current study, the
highest dose we prescribed was 63 Gy except for the
2 patients who received a boost dose of 18 Gy and 27
Gy to the residual tumor. Although this is not a doseescalation study, 63 Gy may be safely delivered to the
cervical esophagus without causing severe toxicities.
It should be noted that, while 16 patients (25.8%)
developed post-RT stenosis requiring dilation and 4
patients (6.5%) developed TEF, 7 (44%) and 3 (75%)
patients were because of persistent or recurrent
malignancy, respectively. Clinically diagnosed post-RT
stricture may grossly overestimate the risk of radiation
induced stenosis and may be an early sign of tumor
[17]
recurrence . In fact, only complete circumferential
tumor involvement was an independent predictor of
post-RT stenosis, while T stage, stenosis at diagnosis,
and a higher dose (≥ 60 Gy) were not (Table 3).
When both post-RT stenosis and TEF were consider
ed, complete circumference tumor involvement and
endoscopic CR were both independent predictors
(Supplementary Table 1). Considering that 75% of TEF
cases were malignant and occurred within the first 6
mo after completion of RT and after achieving a CR
or PR, a rapid response to CRT, rather than a higher
radiation dose, may be a contributing factor to the
development of post-RT TEF.
[18]
A study by Atsumi et al
suggested that esoph
ageal stenosis is associated with tumor regression after
RT. In this study, 109 patients who achieved a CR after
definitive CRT were evaluated with esophagography
within 3 mo after completion of RT; and T stage,
extent of involved circumference, and wall thickness
of the tumor region were significantly correlated with
[18]
esophageal stenosis in multivariate analysis . Luminal
narrowing of the esophagus after RT is largely due
to fibrosis and inflammation of the submucosal and
[19,20]
muscular layers
. These processes accompany
[21]
infiltration of inflammatory cells and probably include
accumulation of macrophages with increased local levels
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[22,23]

and 3 esophagitis occurred in 19 (30.6%), 39 (62.9%), and 4 patients (6.5%),
respectively, without grade ≥ 4 toxicities. Sixteen patients developed postRT stenosis, of which 7 cases were malignant. Four patients developed
tracheoesophageal fistula (TEF), of which 3 cases were malignant. Factors
significantly correlated with OS were complete circumference involvement,
stenosis at diagnosis, and occurrence of post-RT stenosis or TEF in univariate
analysis, while stenosis at diagnosis and occurrence of post-RT stenosis or
TEF were significant in multivariate analysis. Factors significantly correlated
with post-RT stenosis were stage T3/4, complete circumference involvement,
stenosis at diagnosis, and endoscopic complete response in univariate analysis,
while complete circumference involvement was significant in multivariate
analysis. A higher dose (≥ 60 Gy) was not associated with the occurrence of
post-RT stenosis or TEF.

of proinflammatory cytokines induced by radiation
;
this, in turn, produces edema and fibrosis in the su
bmucosal and underlying muscular layers. These
processes may be much more pronounced in and around
[18]
the shrinking tumors that respond well to RT , which
may explain the significant correlation between complete
circumferential involvement and post-RT stenosis in our
study.
Our study showed that, although pre- and post-RT
stenosis was a prognostic factor for patients’ survival,
complete circumference involvement rather than a
higher radiation dose was the key contributing factor.
In clinical practice, physicians are often tempted to
prescribe a higher-than-standard dose of 50 Gy for
esophageal cancer, especially when it is expected that
the patient is unable to undergo surgical resection
because of tumor location, poor generalized condition,
or patient’s refusal for surgery. Our data suggests that
patients with cervical esophageal cancer may undergo
radiotherapy of up to 63 Gy without increasing the
risk of radiation-induced toxicities. Since prospective
data is lacking, our study warrants a prospective
trial to investigate toxicity and efficacy of high-dose
radiotherapy for cervical esophageal cancer.
In conclusion, CRC for CEC was well tolerated,
and a higher dose was not associated with post-RT
stenosis. Patients with complete circumferential tumor
involvement at diagnosis require close follow-up.

Research conclusions

This study showed that, although pre- and post-RT stenosis was a prognostic
factor for patients’ survival, complete circumference involvement rather than a
higher radiation dose was the key contributing factor, and suggesting that CEC
can be treated with higher than the current standard dose of 50 Gy. CRT for
CEC was well tolerated, and patients with complete circumferential involvement
require close follow-up.

Research perspectives

The data suggests that patients with CEC may undergo radiotherapy of up to 63
Gy without increasing the risk of radiation-induced toxicities. Since prospective
data is lacking, our study warrants a prospective trial to investigate toxicity and
efficacy of high-dose radiotherapy for CEC.
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Abstract

Informed consent statement: This is a non-interventional
report; the patient died before the writing of the report. The report
is in accordance of the Declaration of Helsinki and its latter
amendments.

Hepatocholangiocarcinoma (cHCC-ICC) is a rare
primary hepatic tumor defined by the presence of
histological features of both hepatocellular carcinoma
(HCC) and intrahepatic cholangiocarcinoma (ICC). Its
prevalence ranges from 1%-5% of all primary liver
cancers. We report the case of a 55-year-old cirrhotic
male patient admitted to our university hospital for
dysphagia, revealing a 10 cm lower-third esophageal
metastasis of an unresectable cHCC-ICC with stemcell features. Computed tomography and abdominal
magnetic resonance imaging scans revealed multiple
hepatic lesions combining features of both HCC and
ICC, associated with synchronous bone metastasis.
Histological and immunohistochemical analyses of
biopsies from the esophageal lesion and the hepatic
tumor confirmed the diagnosis of cHCC-ICC with a
stem cell-subtype, according to the World Health
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Organization classification. After a multidisciplinary
meeting, the patient was treated with chemotherapy.
He received two cycles of a gemcitabine plus cisplatin
regimen before bone progression, and he died 3 mo
after the initial diagnosis.
Key words: Hepatocholangiocarcinoma; Stem cellsubtype; Esophageal metastasis; Chemotherapy;
Gemcitabine plus platinum-based chemotherapy
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatocholangiocarcinoma (cHCC-ICC)
represents less than 5% of all hepatic tumors and
remains an uncommon cancer, with no guidelines
concerning its management. Esophageal metastasis is a
rare presentation of hepatic tumors. To our knowledge,
this case report is the first to describe an esophageal
lesion revealing a metastatic stem cell-subtype cHCCICC.

Figure 1 Endoscopic appearance of the elevated lesion in the esophagus.
Upper digestive endoscopy showed a 10-cm polypoid tumor at 30 cm from
incisors.

heavy cigarette smoking.
The first biological analyses showed isolated
thrombocytopenia of 107 G/L, and normal renal and
hepatic functions. The C-reactive protein level was 9.9
mg/L.
Esophageal endoscopy (Figure 1) revealed a sig
nificant, quasiobstructive lesion of the lower third of
the esophagus. Histological analysis confirmed an
esophageal localization of an undifferentiated carcinoma,
with immunohistochemical analysis indicating HCC with
positive hepatocyte antigen.
Thoraco-abdomino-pelvic computed tomography
(CT) and abdominal magnetic resonance imaging (MRI)
scans were performed. CT scans were performed
before and after injection of contrast media, including
arterial, portal and delayed phase at 5 min. MRI scan
included T1-weighted sequence with fat suppression
before and after injection of gadolinium chelates at
the same phases. CT and MRI scan analyses (Figure
2) revealed the esophageal lesion and multiple hepatic
nodules, mainly located in the right liver. Hepatic
tumors exhibited atypical imaging features for classic
HCC but showed combined imaging features of both
HCC with peripheral arterial enhancement and delayed
wash out, and ICC with delayed central fibrous enhan
cement. The tumors more closely resembled ICC.
Metastases were present in adrenal glands (33 mm
on the right adrenal gland and 17 mm on the left
adrenal gland) and lymph nodes of the celiac region,
associated with a bony lesion of the right iliac branch
invading the pubic symphysis.
All tumor markers were normal: alpha fetoprotein
(αFP): 1.8 ng/mL (normal range: 0.8-8.8 ng/mL);
carbohydrate antigen 19-9 (CA19-9): 4.5 U/mL (normal
range: < 37 U/mL); and, carcinoembryonic antigen: 2.4
µg/L (normal range: < 5 µg/L).
A liver biopsy was performed. Histological and
immunohistochemical analyses showed cHCC-ICC with
stem cell features (small cells) and an intermediate cell
subtype, as described in Table 1. The tumor consisted

Salimon M, Chapelle N, Matysiak-Budnik T, Mosnier JF,
Frampas E, Touchefeu Y. Esophageal metastasis of stem cellsubtype hepatocholangiocarcinoma: Rare presentation of a rare
tumor. World J Gastroenterol 2018; 24(7): 870-875 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v24/i7/870.
htm DOI: http://dx.doi.org/10.3748/wjg.v24.i7.870

INTRODUCTION
Primary liver cancer is the sixth most common cancer
[1]
worldwide . The majority of intrahepatic cancers
are hepatocellular carcinomas (HCCs) or intrahepatic
cholangiocarcinomas (ICCs). The prevalence of hepato
cholangiocarcinoma (cHCC-ICC), combining histological
features of HCC and ICC, ranges from 1% to 5% of
[2]
[3]
primary hepatic cancers . In 1949, Allen and Lisa
were the first to describe and classify cHCC-ICC into
three subtypes (A, B and C). The classification subse
quently evolved until the latest World Health Organization
[4]
classification, proposed in 2010 (Table 1) .
Here we report the case of a patient diagnosed
with a cHCC-ICC of stem cell-subtype, presenting with
dysphagia and revealing an esophageal metastasis.

CASE REPORT
A 55-year-old male was admitted to the University
Hospital of Nantes, France, in January 2017 for inves
tigation of a recent and elective dysphagia to solids
associated with an alteration in general status (ECOG
score 2) and weight loss of 14 kg.
The patient had a medical history of schizophrenia,
alcoholic cirrhosis with Child-Pugh score A and a daily
alcohol intake of 30 g, Barrett’s esophagus C1M6, and
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Table 1 World Health Organization 2010 classification of combined hepatocholangiocarcinoma
World Health Organization 2010

[4]

cHCC-ICC classical: Typical HCC and typical ICC
cHCC-ICC-SC
cHCC-ICC-SC-typical: Nests of mature-looking hepatocytes with peripheral clusters of small cells that have a high nucleus:cytoplasm ratio and
hyperchromatic nuclei.
cHCC-ICC SC-int: Tumor cells show features intermediate between hepatocytes and cholangiocytes. These tumor cells show strands, solid nests
and/or trabeculae of small, uniform cells with scant cytoplasm and hyperchromatic nuclei.
cHCC-ICC-SC-CLC: Admixtures of small monotonous glands, antler-like anastomosing patterns. Each tumor cell is cuboidal, smaller in size than
normal hepatocytes, with a high nucleus: cytoplasm ratio, and distinct nucleoli.
cHCC-ICC: Combined hepatocholangiocarcinoma; cHCC-ICC-SC-typical: Combined hepatocholangiocarcinoma, stem cell features, typical subtype; cHCCICC-SC-int: Combined hepatocholangiocarcinoma, stem cell features, intermediate cell-subtype; cHCC-ICC-SC-CLC: Combined hepatocholangiocarcinoma,
stem cell features, cholangiolocellular subtype; HCC: Hepatocellular carcinoma; ICC: Intrahepatic cholangiocarcinoma; SC: Stem cell.

A

B

C

D

Figure 2 Computed tomography scan and magnetic resonance imaging scan imaging. Axial-enhanced computed tomography scans with arterial (A) and
5-min delayed times (B). Corresponding axial enhanced MRI in T1-weighted sequence with fat suppression (C and D). Tumor of the junction of the segments ⅧⅦ combined the double imaging features with peripheral arterial contrast enhancement (white arrow) and secondary wash out (black arrow) (HCC part) and a late
fibrous contrast enhancement of the central part (white asterisk) (ICC part). MRI was performed at 2-mo intervals and demonstrated a second tumor with comparable
behavior in segment Ⅳ. CT: Computed tomography; MRI: Magnetic resonance imaging.

of small cuboidal cells arranged in a ductal pattern
at the borders of nodules, in continuity with a trabe
cular pattern at the center. Tumor cells concomitantly
expressed hepatocyte antigen HepPar1 and cytokeratin
19, normally expressed by biliary cells (Figure 3).
The tumor cells appeared to be growing within and
replacing regenerative nodules of cirrhosis.
The patient was treated with systemic intravenous
gemcitabine and cisplatin combined chemotherapy
2
(gemcitabine 1000 mg/m and cisplatin 25 mg/m² every
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week for 2 wk, with 1 wk of rest before a new cycle).
He received two cycles of chemotherapy. During the
follow-up, the patient showed a progressive altera
tion in general condition, with an ECOG score of 3,
associated with the appearance of diffuse bone pain.
A bone scintigraphy was performed 2 mo after the
beginning of chemotherapy, and revealed a multifocal
metastatic spread over the entire axial and peripheral
skeleton with right ilio-pubic and voluminous right
humeral lesions. The patient was then managed with
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A

B

C

D

Figure 3 Histological and immunohistochemical appearance of hepatic lesions. A: Combined hepatocellular cholangiocarcinoma, stem cell features,
intermediate cell-subtype with underlying cirrhosis; B: The tumor is composed of small tumor cells arranged in bays, with some ill-defined glands; C: Cells express
both markers of hepatocyte cells (Her Par1); D: Markers of biliary cells (cytokeratin 19).

best supportive care and died 87 d after the beginning
of treatment.

when considering the major features of HCC (arterial
phase hyperenhancement, wash out and capsule
[17,18]
appearance)
. However, the addition of non-HCC
features in the radiologic assessment could improve
[18]
the diagnostic accuracy . Histological diagnosis is the
gold standard, but is difficult to obtain in the absence
of surgical specimens. The conduct of liver biopsies to
sample both components of cHCC-ICC is infrequent.
In a series of 23 resected cHCC-ICC, all of the tumors
were misdiagnosed at preoperative histology, with 20
[19]
considered to be HCC and three classed as ICC .
As in the case presented here, criteria for identifying
[20]
cHCC-ICC have been proposed previously . The
combination of elevated serum tumor markers and
enhancement patterns on imaging should strongly
suggest the diagnosis of cHCC-ICC in the following
circumstances: imaging features of both ICC and
HCC, regardless of marker levels; elevation of both
αFP and CA19-9, regardless of imaging appearance;
or discordance between imaging and tumor marker
elevation (typical HCC enhancement pattern with
elevated CA19-9 or typical ICC enhancement pattern
[20]
with elevated αFP) .
The combination of histological, radiological and
biological criteria is important to identify cHCC-ICC
patients. Even in patients with cirrhosis and liver tumor
with typical enhancement patterns of HCC, biopsies
should be advocated in the presence of biological
or imaging features suggesting a cHCC-ICC, as the

DISCUSSION
To our knowledge, this is the first report of an
esophageal metastasis of a cHCC-ICC. Esophageal
metastases are uncommon. In HCC, the incidence of
metastatic esophageal tumors is low, accounting for
[5]
less than 0.4% . Few case reports have described
the presence of esophageal metastases from HCC
[6-14]
or ICC
. These metastases could develop by the
[15]
spread of tumor cells infiltrating the portal system .
The dissemination by hepatofugal portal flow to
the esophagus seems to be one possible route for
[8]
esophageal metastasis .
There are no current guidelines for the treatment
of unresectable, locally advanced or metastatic cHCCICC. We recently described the first series of patients
with unresectable cHCC-ICC treated with gemcitabine
plus platinum-based chemotherapy. In that retrospective
study, including 30 patients, according to RECIST
criteria, the partial response rate was 28.6%, stable
disease rate 50% and progressive disease rate 21.4%.
Median progression-free survival and overall survival
[16]
were 9.0 mo and 16.2 mo, respectively .
The diagnosis of cHCC-ICC is challenging. The ra
diological diagnosis is difficult due to the high frequ
ency of cHCC-ICC mimicking HCC, from 30% to 50%
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6

prognosis and the management of these tumors could
[21]
be different .

7

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Case characteristics

8

A 55-year-old cirrhotic male patient was admitted for dysphagia.

Clinical diagnosis

Elective dysphagia for solids associated with an alteration in general status and
a weight loss of 14 kg.

9

Differential diagnosis

10

Primary esophageal cancer.

Laboratory diagnosis

Normal renal and hepatic functions. Normal carbohydrate antigen 19-9,
carcinoembryonic antigen and alpha fetoprotein.

11

Imaging diagnosis

Thoraco-abdomino-pelvic computed tomography and abdominal magnetic
resonance imaging scans were performed and revealed hepatic lesions
combining imaging features of both hepatocellular carcinoma, and intrahepatic
cholangiocarcinoma.

12

13

Pathological diagnosis

Stem cell-subtype hepatocholangiocarcinoma.
14

Treatment

Chemotherapy: gemcitabine - cisplatin.

Term explanation

15

Experiences and lessons

16

Hepatocholangiocarcinoma is a primary hepatic tumor representing less than
5% of all hepatic tumors. This is the first report of an esophageal metastasis of
a hepatocholangiocarcinoma.

The diagnosis of hepatocholangiocarcinoma is challenging. The addition of
non-HCC features in the radiologic assessment could improve the diagnostic
accuracy.
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and its utility in chronic inflammatory bowel disease
Harald Peter Hoensch, Benno Weigmann

Abstract

Harald Peter Hoensch, Private Practice Gastroenterology,
Marien hospital, Darmstadt 64285, Germany

Flavonoids are phytochemicals which can regulate the
activity of the intestinal immune system. In patients
with chronic inflammatory bowel disease (IBD) there is
an overexpression and imbalance of the components
of the inflammatory immune reactions which are
chronically activated. Suppression of inflammation
can be achieved by anti-inflammatory drugs which
are used in clinical medicine but these can cause
serious side effects. Flavonoids can have natural immu
nosuppressive properties and inhibit the activation
of immune cells and its effectors (chemokines, TNF-,
cytokines). Phytochemicals such as flavonoids bind to
the nuclear Ah (aryl hydrocarbon) -receptor thereby
stimulating protective enzyme activities. As shown
by clinical evidence in patients and by experimental
work some flavonoids (apigenin, epigallocatechin
gallate) were effective in the inhibition of inflammation.
Instead of or additionally to anti-inflammatory drugs
flavonoids can be used in IBD patients to treat the
over-reactive immunologic system. This is accomplished
by upregulation of the Ah-receptor. Flavonoids interact
with toll-like receptors expressing on the surface
of immune cells, then they were internalized to the
cytosol and transferred into the nucleus, where they
were attached to the Ah-receptor. The Ah-receptor
binds to the Ah-R nuclear translocator and via Ah
response element beneficial protective enzymes and
cytokines are induced, leading to upregulation of the
anti-inflammatory system.
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inflammatory bowel disease.

and the adoptive system both of which contribute to
the degree of activation. Whereas immune cells such
as dendritic cells, granulocytes, macrophages, natural
killer cells and mast cells belong to the innate immune
system the adaptive system includes T-lymphocytes,
B-lymphocytes and plasma cells and immunoglobulins.
Innate immunocytes are activated into myeloic and
plasmacytoid dentritic cells. Naïve lymphocytes are
activated into T-helper cells, cytotoxic T-cells, regulatory
T-cells and active B-cells. Inflammatory signals are
the main factors for immune activation. Flavonoids
are natural inhibitors and can prevent the activation
[10]
of the innate and adaptive immune system .
Some flavonoids such as tea flavonoids (apigenin
and epigallocathechin gallate) have been found to
prevent the activation of immune cells and its effectors
[11]
(chemokines, TNF-α and cytokines) .
In vivo the anti-inflammatory effects were shown
by inhibition of transcriptions factors like nuclear factor
‘kappa-light-chain-enhancer’ of activated B-cells (NFkB) and by suppression of cyclooxygenase 2 (COX-2)
[12]
enzymes . In patients with IBD chemokines and
[13]
chemokine receptors are increased . Phytochemicals
have been shown to suppress inflammatory signal
transduction systems leading to autophagy and
[14]
apoptosis .

Hoensch HP, Weigmann B. Regulation of the intestinal immune
system by flavonoids and its utility in chronic inflammatory
bowel disease. World J Gastroenterol 2018; 24(8): 877-881
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i8/877.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i8.877

INTRODUCTION
Disturbances of the intestinal immune system can
lead to chronic inflammatory bowel disease (IBD)
[1,2]
including Crohn`s disease and ulcerative colitis (UC) .
Inappropriate chronic stimulation of the native and
adoptive immune-system induces an inflammatory
reaction of the epithelial mucosa in the rectum, as
well as in small and large bowel. There exists only
limited evidence about the cause of this reaction which
includes bacterial overproduction, defective barrier
function, genetic and environmental aberrations.

PATHOPHYSIOLOGY
While the pathophysiology of the inflammatory changes
is quite well explained the level of the immune reaction
is not sufficiently delineated. This level might be
determined by factors which regulate the degree of the
immune reactions. These regulatory factors could be
responsible for the activity of the inflammatory immune
reaction and should be identified. Phytochemicals
and among them polyphenols and flavonoids can
influence various components of immune system and
thereby determine the disease activity in IBD and in
[3,4]
experimental colitis .
There is a plethora of clinical studies and experimental
results on the association between colorectal cancer
[5]
(CRC) and exposure to phytochemicals especially
[6]
flavonoids . It is still not yet clear whether these
xenobiotics could play a role in the development of
intestinal neoplasia. Most studies indicate that dietary
components from fruits and vegetables lower the risk
[7,8]
of CRC and other tumors . Flavonoids among other
[9]
phytochemicals could prevent CRC and its precursors
(colonic adenomas, dysplasia and aberrant crypt foci)
by long term preneoplastic dietary exposure. It is now
accepted that chronic inflammatory changes of the
intestinal mucosa predate neoplasia and that treatment
of the inflammation and identification of its etiologic
factors are necessary for cancer prevention.

INFLUENCE OF FLAVONOIDS ON THE
MICROBIOTA
Dysbalance of the microflora has been found in patients
[15]
with IBD and chronic diarrhea . The microbiota shows
less variability and abundance of certain bacteria such
as prevotellaceae and sulfide producing bacteria.
Dietetic flavonoids can improve the fecal microbiota
and prevent diarrhea. A recent study indicates that in
pediatric patients the fecal microflora is related to diet
and the composition of the microbiota indicates a pre[16]
inflammatory status of IBD .

FLAVONOIDS AND MICROSOMAL
ENZYMES
Dietary xenobiotics such as phytochemicals seem
to be involved in the pathogenesis and treatment of
[17]
chronic IBD . Flavonoids are substrates for certain
cytochrome P-450 enzymes (including CYP1A1) and
are metabolized by components of the proteasome
(P), endoplasmic reticulum (ER) and mitochondria
[18]
(M), called PERM hypothesis . This PERM concept
defines the functional structure, which regulates the
survival decision of cells under stress situation. Most
probably this dynamic system can act as a single
master tuner of cellular decisions about life or death,
in order to give a chance to the remaining living cells
in an organism. The ER consists of cytochrome P-450
and conjugating enzymes which metabolically break
down toxic compounds. Human cytochrome 3A4 and

ANTI-INFLAMMATORY EFFECTS OF
FLAVONOIDS
In chronic inflammatory reactions the intestinal mucosa
and the submucosa contain 2 components which are
responsible for immune activation: The innate system
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Figure 1 Simplified scheme of the gene regulation by the aryl hydrocarbon receptor. Flavonoids bind to the toll-like receptor in the lumen and get internalized
to the cytosol. Then the complex functions as a ligand for the Ah receptor, which results in the release of associated proteins and translocation to the nucleus followed
by dimerization with Arnt. The Ahr/Arnt complex binds the AhRE promoting target gene transcription like upregulation of IL-22, cytochrome P-450 and PERM activity
as well as downregulation of STAT3 and NF-kB. The ligands can also exert their effects in the cytoplasm through AhR-associated protein kinases to alter the function
of a variety of proteins through a cascade of protein phosphorylation. Ahr: Aryl hydrocarbon receptor; Arnt: Ahr nuclear translocator; Ah: Aryl hydrocarbon. FN:
Flavonoid;TLR: Toll-like receptor; Ahr: Ah receptor; Arnt: AhR nuclear translocator; AhRE: Ah Response Element.

2C9 enzymes are inhibited by flavonoids in vitro but can
[19,20]
also be induced in vivo
. These enzymes could be
biomarkers for the activity of the PERM system, indicate
moderate beneficial induction and a favorable immune
status. Flavonoid mediated induction is a positive event
for the immune system boosting its anti-inflammatory
activity. In the intestine of IBD patients the CYP 1A1
[21]
enzymes were upregulated .

flavonoids and other phytochemicals such as indoles,
isothiocyanates, cruciferous plants and cabbage
[21]
products (Figure 1) . During the passage through
the gastrointestinal tract digestion takes place and
flavonoids are broken metabolically down into smaller
molecules. FN (flavonoids) present in the gut lumen
bind to the toll-like receptor of the plasma membrane
and are transported into the cytosol. Here as a ligand
they are attached to the Ahr and triggers translocation
into the cell nucleus. Via dimerization with the Ahr
nuclear translocator (Arnt) protein the ligand FN-AhrArnt complex binds to the AhRE (Ah response Element)
found in the 5 V flanking region of numerous genes.
This element activates the target genes which are
transcript into cytochrome P-450 and other protective
enzymes. Additionally, regulatory T-cells, STAT3 and
IL-22 are expressed and upregulated. The Ahr is
localized mainly in lymphocytes and dendritic cells of
the intestinal mucosa. Interleukin-22 is responsible for
the intestinal integrity and the production of mucus and
[23]
upregulation of beta-defensin-2 . The FN ligand is
the major immune modulator and induces a beneficial
pattern of cytokines and immune cells which counteract
the inflammatory alterations of the intestinal mucosa.
In contrast to the biologicals these botanicals do not

FLAVONOIDS AND PERM
An intracellular mechanism exists for the detoxification
of reactive oxygen radicals, which are taken care of by
[18]
the proteasome, the ER and the mitochondria acting
as PERM system. Flavonoids can activate this system
as stressing and signaling molecules and are thereby
responsible for the suppression of “pathologic” stress.
Patients with IBD could probably benefit from dietary
[10,22]
flavonoids supplementation
.

FLAVONOIDS REGULATE THE AHRECEPTOR
The aryl hydrocarbon receptor (Ahr) functions as
intracellular transcription factor for the action of
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require an immunosuppressive therapy and constitute
[24]
natural inducers of the immune system . As plant
products (xenobiotica) they could be used as an antiinflammatory diet and could be beneficial for prevention
[10]
and as nutritional supplements .

flavonoid treatment are rare and should be done soon.

EVIDENCE OF INHIBITION OF INTESTINAL
INFLAMMATION BY FLAVONOIDS

2
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Abstract

Institutional animal care and use committee statement:
The experimental protocol was designed in compliance with
the guidelines of the European Communities Council Directive
2010/63/UE and the recommendations for the care and use of
laboratory animals approved by the Animal Care Committee of
the University of Florence, Italy, with authorization from the
Italian Ministry of Health nr. 787/2016-PR.

AIM
To investigate the signaling pathways involved in
the relaxin (RLX) effects on ileal preparations from
mice through mechanical and electrophysiological
experiments.
METHODS
For mechanical experiments, ileal preparations from
female mice were mounted in organ baths containing
Krebs-Henseleit solution. The mechanical activity was
recorded via force-displacement transducers, which
were coupled to a polygraph for continuous recording of
isometric tension. Electrophysiological measurements were
performed in current- and voltage-clamp conditions by
a microelectrode inserted in a single smooth muscle cell
(SMC) of the ileal longitudinal layer. Both the membrane
passive properties and inward voltage-dependent L-type
2+
Ca currents were recorded using suitable solutions and
voltage stimulation protocols.
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the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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RESULTS
Mechanical experiments showed that RLX induced a
decay of the basal tension and a reduction in amplitude
of the spontaneous contractions. The effects of RLX
were partially reduced by 1H-[1,2,4]oxadiazolo[4,3a ]-quinoxalin-1-one (ODQ) or 9-cyclopentyladenine
mesylate (9CPA), inhibitors of guanylate cyclase (GC)
and adenylate cyclase (AC), respectively, and were
abolished in the concomitant presence of both drugs.
Electrophysiological experiments demonstrated that
RLX directly influenced the biophysical properties of
ileal SMCs, decreasing the membrane conductance,
hyperpolarizing the resting membrane potential,
reducing the L-type calcium current amplitude and
affecting its kinetics. The voltage dependence of the
current activation and inactivation time constant was
significantly speeded by RLX. Each electrophysiological
effect of RLX was reduced by ODQ or 9CPA, and
abolished in the concomitant presence of both drugs as
observed in mechanical experiments.

been indeed identified in both reproductive and non[4-6]
reproductive tissues , including human and rodent
[7-9]
intestine . Concerning on the molecular mechanism
of action of RLX on the target cells, multiple intracellular
[10,11]
signaling systems appear to be engaged
. In some
cells, such as the smooth muscle of reproductive
tissue, the effects of the hormone RLX are due to the
[12-16]
activation of adenylate cyclase (AC)
leading to
increase of the cyclic adenosine monophosphate (cAMP)
levels. However, in some other different preparations,
such as in vascular and intestinal smooth muscle, the
mechanism of action activated by RLX occurs through
[17-23]
the endogenous nitric oxide (NO) synthesis
and
leads to increased levels of cyclic guanosine mono
phosphate (cGMP).
Particularly, in the gastrointestinal tract of mice,
RLX has been reported to modulate gastric and colonic
smooth muscle activity through the L-arginine/NO
[9,24-26]
pathway
. NO, synthesized under the catalytic
[27]
action of nitric oxide synthases (NOS) , is known
[28]
to cause gastrointestinal relaxation and its altered
production has been reported to be involved in different
[29]
[30]
motor disorders . However, Bani et al
raised the
possibility that in the ileum, at variance with gastric
and colonic preparations, the NO signaling pathway
could not be the only one activated by the hormone,
suggesting the involvement of additional pathways that
have not been fully elucidated yet in this preparation.
In this regard, the involvement of AC, in addition to
guanylate cyclase (GC), in the effects of RLX has been
[31]
reported in rat and guinea pig airways
as well as in
[10]
human vascular cells .
On these grounds, the present study was designed
to investigate for the first time, if AC/cAMP, besides
the NO/CG/cGMP, could be a further signaling pathway
involved in the effects of RLX on ileal smooth muscle.
To evaluate this possibility, we performed experiments
by a combined mechanical and electrophysiological
approach. Particularly, for the first time we investigated
the ability of RLX to induce changes of smooth muscle
cell (SMC) biophysical properties in ileal preparations
through the electrophysiological technique. Moreover,
2+
we studied the effects of RLX on the L-type Ca current,
ICa,L, that is supposed to be the main voltage-dependent
2+
source for Ca entry useful for the activation of the
[32]
SMC contractile machinery . This knowledge may
contribute to a better understanding of the mechanisms
engaged by the hormone to modulate intestinal motility
and may help in the design of further therapeutic
strategies for the treatment of motor disorders.

CONCLUSION
Our new findings demonstrate that RLX influences ileal
muscle through a dual mechanism involving both GC
and AC.
Key words: Relaxin; Gastrointestinal motility; Smooth
muscle; AC/cAMP; GC/cGMP
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Up to now relaxin (RLX) was described to act
only through the NO/guanylate cyclase (GC)/cGMP/
PKG pathway in different gastrointestinal tracts. The
results of the present study, achieved on mice ileal
preparations and carried out by a combined mechanical
and electrophysiological approach, demonstrate for
the first time that both GC and adenylate cyclase are
involved in the effects of RLX in this intestinal region.
The activation of this dual signaling pathway by RLX
might represent a reinforcing (redundant) myorelaxant
mechanism in the ileum, underlying the physiological
importance of the hormone and leading to speculate
translational perspectives in the treatment of intestinal
dysmotilities.
Idrizaj E, Garella R, Francini F, Squecco R, Baccari MC. Relaxin
influences ileal muscular activity through a dual signaling
pathway in mice. World J Gastroenterol 2018; 24(8): 882-893
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i8/882.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i8.882

MATERIALS AND METHODS
Animals

INTRODUCTION

Experiments were performed on 8- to 12-wk-old
female mice (CD1 Swiss strain; Envigo, Udine,
Italy). The animals were kept under the following
conditions: 12-h light/12-h dark photoperiod, constant

It is widely recognized that the effects of the peptide
hormone relaxin (RLX) are not limited to reproductive
[1-3]
organs . Receptors of the RLX family peptides have
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[9,35]

procedure
. Microelectrodes were obtained by using
a micropipette vertical puller (Narishige PC-10) from
borosilicate glass (GC 100-7.5; Clark) and were filled
with the following control physiological solution (mmol/L):
KCl 130, NaH2PO4 10, CaCl2 0.2, EGTA 1, MgATP 5 and
HEPES/KOH 10. Once filled, the pipette resistance
measured 60-70 MΩ. The pH was set to 7.4 with NaOH
and to 7.2 with tetraethylammonium (TEA) hydroxide
for bath and pipette solution, respectively.
To record RMP in current-clamp and the cell mem
brane passive properties in voltage-clamp mode
we used the extracellular Krebs-Henseleit solution.
2+
To record only Ca currents we bathed the ileal
+
+
muscle strip in a Na - and K -free high-TEA solution
(mmol/L): 10 CaCl2, 145 TEABr and 10 HEPES and
the microelectrode was filled by the following solution
(mmol/L): 150 CsBr, 5 MgCl2, 10 EGTA, 10 HEPES.
2+
Nifedipine (10 μmol/L) was used to block L-type Ca
current, ICa,L. Heptanol (1 mmol/L) was consistently
used to block gap junctional currents of the functional
syncytium and to record membrane passive properties
and ionic currents elicited only from the impaled
[35,36]
cell
.
The current amplitude was always normalized to
cell linear capacitance Cm (in pA/pF) to consent the
evaluation of test current recorded from cells of different
size; in fact, Cm is usually considered an index of cellsurface area presuming that membrane-specific
2
capacitance has a constant value of 1 μF/cm .

temperature (21 ± 1 ℃), and standard laboratory
feed.
After 1 wk of acclimatization, the mice underwent
assessment of the phase of the estrous cycle by light
microscopic examination of vaginal smears stained
with Papanicolaou stain, according to the method of
[33]
Austin and Rowlands . Only mice in proestrus or
estrus (i.e., the estrogen-dominated phases of the
ovarian cycle) entered the experiments. This choice
was made because estrogen is known to favor RLX
[34]
responsiveness of several target organs and tissues .
The mice were killed by prompt cervical dislocation to
minimize animal suffering. According to the procedure
[30]
reported in previous paper the mouse abdomen was
opened, the distal ileum was removed and its content
was cleaned with a physiological solution.

Mechanical experiments

For the functional studies, segments of the distal ileum
(within 30 mm from the ileocaecal valve) were isolated
and placed in Krebs-Henseleit solution, which consisted
of 118 mmol/L NaCl, 4.7 mmol/L KCl, 1.2 mmol/L
MgSO4, 1.2 mmol/L KH2PO4, 25 mmol/L NaHCO3, 2.5
mmol/L CaCl2, and 10 mmol/L glucose pH 7.4, and
bubbled with 95% O2/5% CO2. Two whole full-thickness,
transversely cut, ileal segments (10 mm in length) were
dissected from each animal and placed in 5-mL organ
baths containing Krebs-Henseleit solution gassed with
95% O2/5% CO2, while the temperature was maintained
within a range of 37 ± 0.5 ℃. The preparations were
mounted in the direction of the longitudinal muscle
layer and the continuous recording of isometric tension
was achieved by a force displacement transducer
(FT03; Grass Instrument) coupled to a polygraph (7K;
Grass Instrument). The preparations were allowed to
equilibrate for at least 1 h under an initial load of 1.5 g.
During this period, the preparations underwent repeated
and prolonged washes with Krebs-Henseleit solution to
avoid accumulation of metabolites in the organ baths.

Pulse protocols of stimulation

By using the current clamp mode of our amplifier and
stimulus waveform with I = 0 pA we recorded the
SMC resting membrane potential, before and after
drug stimulation. Protocol of recording consisted of 8
episodes, having a sampling interval of 20 ms and a
total duration of 5.29 min. The inter-episode interval
was 1 min.
The membrane passive properties, membrane
conductance (Gm) and Cm, were consistently estimated
in voltage clamp mode by applying two step voltage
pulses 75 ms long to -80 and -60 mV starting from a
holding potential (HP) of -70 mV. Their values were
[37]
calculated as detailed in Squecco et al . Always in this
mode, ionic currents were evoked by the following pulse
protocols: ICa,L activation was evoked on the SMC held at
-80 mV, and 1-s long step pulses were applied in 10-mV
increments from -70 to 50 mV. For each episode, the
first 100 ms of the trace had a sampling interval of
50 μs, and the remaining of 1 s. The interval between
episodes was 20 s to allow recovery. ICa,L inactivation
was investigated by a two-pulse protocol with a 1-s prepulse to different voltages followed by 1-s test pulse to
[9,35]
10 mV as reported in our previous works
. When we
applied the two-pulse protocol, we used again a 20-s
interval between stimulating episodes to allow recovery.
Capacitive, linear leak and voltage-independent ionic
currents were cancelled on-line using the P/4 procedure.

Electrophysiological experiments

For electrophysiological recording a full-thickness ileal
strip was distended and pinned to a Sylgard (Dow
Corning, Midland, MI, United States)-coated dissecting
Petri dish filled with Krebs-Henseleit solution. First,
we pinned the mucosal side up to dissect carefully
the mucosa and submucosa away under a dissecting
microscope. The residual tissue was re-pinned serosal
side up and the connective tissue was removed in
order to expose the smooth muscle layer. The obtained
tissue was finally pinned, serosal side up, in the
recording chamber with a Sylgard floor and a glass
microelectrodes was inserted in a cell of the longitudinal
smooth muscle layer. The tissue was continuously
superfused (Pump 33, Harvard Apparatus) at a rate of
-1
1.8 mL min with the external solution used.
Conventional high resistance microelectrodes
were used according to the previously published
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Figure 1 Influence of oxadiazolo[4,3-a]-quinoxalin-1-one and 9-cyclopentyladenine mesylate on relaxin effects on the mechanical activity of the
mouse ileum. A: Typical tracings showing the spontaneous activity of the ileal segments (Ctr, left hand recordings of each panel). RLX (50 nmol/L), 30 min from its
application to the bath medium, causes a decrease in amplitude of the spontaneous contractions and a decay of the basal tension (a, right trace) compared to its
control (a, left trace). Both these effects are reduced when RLX is added to the bath medium in the presence of 1 µmol/L ODQ (b, right trace) or 100 µmol/L 9CPA (c,
right trace) and abolished in the presence of ODQ plus 9CPA (d, right trace). Data of each panel (a-d) are obtained from different preparations; B: Bar charts showing
the influence of ODQ and 9CPA on RLX effects on the mean amplitude of spontaneous contractions (left hand histogram) and basal tension (right hand histogram)
with respect to the control. All values are means ± SE of 6 preparations from 3 mice. aP < 0.05 vs Ctr; cP < 0.05 vs RLX (one-way ANOVA and Newman-Keuls posttest); RLX: Relaxin; ODQ: Oxadiazolo[4,3-a]-quinoxalin-1-one; 9CPA: 9-cyclopentyladenine.

To evaluate the steady-state ionic current activation
through the voltage dependent channels we used the
following equation:
Ia(V) = Gmax (V-Vrev)/{1 + exp[(Va-V)/ka]} and
the following was used for the steady-state current
inactivation: Ih(V) = I/{1 + exp[-(Vh-V)/kh]}, where
Gmax represents the maximal conductance for Ia; Vrev
is the apparent reversal potential; Va and Vh are the
voltages causing the half-maximal activation and
inactivation, respectively; ka and kh are steepness
factors.

µmol/L), 1H-[1,2,4] oxadiazolo[4,3-α]-quinoxalin-1one (ODQ, 1 μmol/L), 9-cyclopentyladenine mesylate
(9CPA, 100 μmol/L) and relaxin (RLX, 50 nmol/L).
All drugs were obtained from Sigma Chemical (St.
Louis, MO, United States), except for highly purified
porcine RLX (2500-3000 U/mg) that was generously
provided by Dr. O. D. Sherwood (University of Illinois,
Urbana, IL, United States). Solutions were prepared
on the day of the experiment, except for TTX, for
which a stock solution was kept stored at -20 ℃. Drugs
concentrations are given as final bath concentrations.
The concentration of porcine RLX used was in the range
of that formerly demonstrated to be effective in murine
[9,30,38-40]
gastrointestinal preparations
. The choice of GC

Drugs

We used tetrodotoxin (TTX, 1 μmol/L), nifedipine (10
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Figure 2 Effect of relaxin on smooth muscle cell membrane passive properties and resting membrane potential (RMP) of the mouse ileum. Influence of
relaxin on Cm (A), Gm (B), Gm/Cm (C) and RMP (D) alone (RLX) or in the presence of ODQ (ODQ + RLX), 9CPA (9CPA + RLX) or both of them (ODQ + 9CPA +
RLX). aP < 0.05, bP < 0.01, eP < 0.001 vs control SMC (Ctr); cP < 0.05, dP < 0.01, fP < 0.001 vs RLX. In each experimental condition, data are mean ± SE from n = 22
cells (11 strips from 5 mice) (one-way ANOVA and Newman-Keuls post-test), RLX: Relaxin; ODQ: Oxadiazolo[4,3-a]-quinoxalin-1-one; 9CPA: 9-cyclopentyladenine.
[9,41]

and AC inhibitors was based on previous literature
and their related concentration was in the range of that
[9,42]
previously proven to be effective
.

0.03 g), indicating their myogenic nature, and reduced
by 10 μmol/L nifedipine (0.35 ± 0.05 g).
Addition of RLX (50 nmol/L) to the bath medium
(n = 18, from 9 mice) caused a clear-cut decay of the
basal muscle tension (62.3% ± 2.2%) and a reduction
in amplitude (36.1% ± 1.8%) of the spontaneous
contractions (Figure 1). The action of the hormone
on basal tension and on spontaneous activity was
just evident 10 min and 20 min, respectively, after its
addition to the bath medium. The influence of RLX on
ileal motility was long lasting, because its effects could
still be revealed 1 h after the peptide addition to the
organ baths (longer time not observed). The effects of
the hormone on basal muscle tension and spontaneous
contractions were unaffected by TTX (60% ± 3.1% and
37.2% ± 1.5%, respectively) whereas they were no
longer detectable 10 min after the addition of nifedipine
(P > 0.05 in respect to nifedipine alone) to the bath
medium.
Addition of the GC inhibitor ODQ (1 μmol/L) to
the bath medium did not induce significant effects
(P > 0.05). In the presence of ODQ (1 μmol/L) both
spontaneous contractions and muscle basal tension
were only reduced by 50 nmol/L RLX (Figure 1), thus
suggesting the contribution of other signaling paths in
the hormone action. We therefore tested the possible
involvement of the AC pathway, employing the AC

Data analysis and statistical tests
[30,38]

As previously reported
, in the mechanical experi
ments, amplitude of spontaneous contractions and
variations in basal tension are expressed as grams.
For electrophysiological experiments, mathematical
and statistical analysis of data was performed by
SigmaPlot (Jandel Scientific) and pClamp9 (Axon
Instruments). Statistical analysis was performed by
Student’s t-test to compare two experimental groups
or one-way ANOVA followed by Newman-Keuls posttest for multiple comparisons. The number of muscle
preparations/cells is designated by n in the results.
Results are means ± SE. P ≤ 0.05 was considered
statistically significant.

RESULTS
Mechanical experiments

Effects of relaxin on the mechanical activity: At
basal tension, ileal preparations (n = 24, from 12 mice)
showed spontaneous and rhythmic phasic contractions
(mean amplitude 0.60 ± 0.03 g) (Figure 1), that were
unaffected by 1 μmol/L TTX (mean amplitude 0.61 ±
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Figure 3 Effects of relaxin, in the absence or in the presence of oxadiazolo[4,3-a]-quinoxalin-1-one and 9-cyclopentyladenine, on membrane potential
recorded from smooth muscle cell of the mouse ileum. Typical tracings of membrane potential from four different single ileal SMCs. A-D: Irregular waves
of MP recorded in control condition. RLX addition (arrow) induced a persistent hyperpolarization occurring right after about 2 min from its application (A); The
hyperpolarization caused by RLX was reduced in the presence of ODQ (B), 9CPA (C) and was abolished when both blockers were concomitantly present in the bath
solution (D). Breaks in X-axis (and consequently in the MP traces) indicate the end of each episode, RLX: Relaxin; ODQ: Oxadiazolo[4,3-a]-quinoxalin-1-one; 9CPA:
9-cyclopentyladenine.

inhibitor 9CPA (100 μmol/L): 9CPA had not “per se”
significant effects (P > 0.05) but reduced the actions
of RLX although it was unable to completely restore
the control mechanical activity (Figure 1). RLX added
to the bath medium in the presence of ODQ plus 9CPA
had no longer effects on both muscle tension and
spontaneous contractions (Figure 1).

we investigated the effects of the hormone on the
SMC resting membrane properties. RLX did not alter
significantly Cm (Figure 2A) but decreased Gm and
the specific conductance (Gm/Cm) values (Figure
2B-C). Addition of ODQ (1 μmol/L) or 9CPA (100
μmol/L) to the external recording medium did not
affect significantly the membrane passive properties
compared to the untreated control (P > 0.05). The
effects of RLX on Gm and Gm/Cm were partially inhibited
when was added in the presence of ODQ or 9CPA,
and were completely abolished in their concomitant
presence, reaching values similar to those observed in

Electrophysiological experiments

Influence of relaxin on the smooth muscle
cell membrane passive properties: To further
test the possible direct action of RLX on ileal SMC,
WJG|www.wjgnet.com
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Figure 4 Relaxin affects L-type Ca2+ currents in smooth muscle cell of the mouse ileum. A: Representative time course of L-type Ca2+ currents (ICa,L) recorded
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current response are displayed.

control condition (Figure 2B and C).

reached a mean value of -20 ± 5 (range from -30 to
-12) mV in control and -49.6 ± 16 (range from -75
to -25 mV) mV after RLX addition. This observation
indicates that RLX does not influence the amplitude and
the frequency of the slow potentials and suggests that
RLX may hamper the probability to reach a depolarized
voltage threshold suitable for ion channels activation.
Consequently, since the slow voltage waves arise from
a voltage value that is under threshold for the voltage2+
dependent L-type Ca current activation (see below)
and their amplitude in this hyperpolarized state is not
altered, we could deduce that they are not due to
voltage-dependent channels opening.
In order to investigate the possible effectors involved
in these RLX effects, we used the GC and AC inhibitors
also in this set of experiments. Again, addition of ODQ
or 9CPA alone to the external solution did not modify
significantly the wave amplitude, duration, frequency
and the resting membrane potential compared to the
untreated control (Figure 3) (P > 0.05). RLX added
at least 5 min after ODQ or 9CPA, hyperpolarized the
RMP to a lesser extent (Figure 3B and C) compared
to RLX alone, suggesting the involvement of both GC
and AC pathways. Once again, in agreement with the
mechanical results, RLX added in the presence of both
inhibitors was no more able to induce hyperpolarization
(Figures 2D and 3D).

Effects of relaxin on smooth muscle cell resting
membrane potential: We then evaluated the RLX
effects on resting membrane potential (RMP) of SMCs,
to test its role on cell excitability. In control condition,
the membrane potential showed spontaneous irregular
slow waves (n = 22 cells; 11 strips from 5 mice) (Figure
3). These waves of the membrane potential lasted
0.4-1.1 min and showed alternating periods of very
low (0.5 ± 0.1 wave/min) and higher (1.1 ± 0.2 wave/
min) frequencies lasting 5-6 and 15 min, respectively.
The maximal hyperpolarization value of the waves was
considered as the RMP. The mean amplitude of the
irregular waves was 37.5 ± 8 mV.
After RLX addition to the bath solution, the irregular
waves were still recorded but the membrane potential
showed a hyperpolarization trend that was already
appreciable 1-3 min after its application (Figure 3A).
The irregular waves were always recorded during the
hyperpolarization due to RLX, and maintained a similar
amplitude, duration and frequency.
The statistical analysis of the RMP values is reported
as histograms in Figure 2D for each experimental
condition. Noteworthy, the mean value of control RMP
was -53.4 ± 7 mV and it reached -91.1 ± 12 mV in
the presence of RLX, clearly indicating a statistically
significant hyperpolarization. Furthermore, being the
size of the irregular wave similar to the control value
(41.5 ± 8 mV), the positive peak of the waves was
different in RLX compared to control (Figure 3): it

WJG|www.wjgnet.com

Influence of relaxin on the voltage-dependent
2+
Ca current: The effects of the hormone were
then evaluated on the inward voltage-dependent

888

February 28, 2018|Volume 24|Issue 8|

Idrizaj E et al. Relaxin and ileal smooth muscle

B

Voltage (mV)
-50

-30

-10
0

10

30

50

70

Ctr
RLX
ODQ + RLX
9CPA + RLX
ODQ + 9CPA + RLX

-6
-8

-50

-10

C

Ctr
RLX
ODQ + RLX
9CPA + RLX
ODQ + 9CPA + RLX

tm (ms)

130
b

80

b
30
-30

b

D

a

10
Voltage (mV)

30

1

0.5

0
-10
10
Voltage (mV)

-30

30

50

2500
2000

a
-10

m, Ctr
m, RLX
m, ODQ + RLX
m, 9CPA + RLX
m, ODQ + 9CPA + RLX
h, Ctr
h, RLX
h, ODQ + RLX
h, 9CPA + RLX
h, ODQ + 9CPA + RLX

-4

th (ms)

ICa, L (pA/pF)

-2

Normalized ICa, L

A

1500
1000
500
-30

50

b
-10

10

30

a
50

Voltage (mV)

Figure 5 Relaxin affects ICa,L voltage dependence and kinetics in smooth muscle cell of the mouse ileum. A: I-V plots of L-type Ca2+ currents (ICa,L) recorded in
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2+

2+

Ca currents, supposed to be the chief path for Ca
entry useful to trigger the contractile machinery in
intestinal SMCs. Notably, in our experiments we did
+
not consistently record TTX-sensitive Na current.
Accordingly, to better put in evidence the appearance
2+
of voltage-dependent Ca currents, we used
appropriate filling pipette solution and a bath recording
2+
high TEA-Ca solution (see Materials and Methods
section). The time course of typical current traces
recorded from a control cell and after RLX addition is
shown in Figure 4 (Aa and Ab, respectively). Since this
kind of current had a high voltage threshold (about
-30 mV), a slow activation and inactivation, and was
blocked by nifedipine we assumed that it was an
2+
2+
L-type Ca current (ICa,L). No T-type Ca current was
revealed in our preparations. It can be clearly seen
(Table 1, Figures 4A and 5A) that RLX reduced the
maximal peak current amplitude (P < 0.05) and the
time to peak (tp) (P < 0.01). Moreover, the hormone
shifted the mean voltage eliciting the maximal peak
current size (from 17.5 ± 2 to 20.1 ± 2 mV).
To evaluate the general behavior of the pheno
menon, we plotted our experimental data related to all
the experiments done in the I-V relationship, reporting
the normalized mean ICa,L maximal amplitude for any
voltage step applied (Figure 5A). The analysis of the I-V
plot confirmed that RLX caused the decrease of current
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amplitude and a shift of the Va and Vh values towards
more positive potential (Table 1). The ODQ or 9CPA pretreatment did not completely abolish the effect of RLX,
but slightly reduced the size decrease (Figure 4) and
the alteration of the Va and Vh values. These parameters
completely recovered the control values in the presence
of ODQ plus 9CPA (Table 1, Figure 5C and D).
The voltage dependence of the current activation
time constant, τ m, (Figure 5C) as well as that of
inactivation, τ h, (Figure 5D) was significantly speeded
by RLX. Particularly, the ODQ pre-treatment did not
entirely eliminate the effects of RLX on τ m,, that did
not result significantly different to that recorded in
the presence of RLX alone, whereas 9CPA resulted
more effective in counteracting RLX effects (Figure
5C) which were abolished in the concomitant presence
of the inhibitors. Instead, the action of RLX on τ h was
similarly prevented by each of the inhibitors (Figure
5D).
The effects of RLX and those of the effector
inhibitors on ICa,L voltage dependence were analyzed
by the steady-state activation and inactivation curves
(Figure 5B): RLX shifted the activation and inactivation
curves towards more positive potentials making this
latter more U-shaped for depolarized voltages. All the
Boltzmann parameters were only partially reverted
to control values when RLX was added after ODQ or
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Table 1 Boltzmann parameters of I Ca,L activation and inactivation in a smooth muscle cell in control (Ctr), in the presence of relaxin
(RLX) alone or RLX with ODQ (ODQ + RLX), 9CPA (9CPA + RLX) and ODQ + 9CPA (ODQ + 9CPA + RLX)
Parameters

Ctr

ICa,L/Cm (pA/pF)
Vp (mV)
tp (ms)
Va (mV)
ka (mV)
Vrev (mV)
Vh (mV)
kh (mV)
I2h (Norm)
V2h (mV)
k2h (mV)

8.8 ± 0.5
17.5 ± 2
270.8 ± 22
4.0 ± 0.3
6.5 ± 0.4
67.2 ± 4
-14.4 ± 2
7.6 ± 0.5
0.09 ± 0.02
22.0 ± 2
8.0 ± 0.7

RLX

ODQ + RLX

7.2 ± 0.7a
20.1 ± 2
194.1 ± 19b
8.9 ± 0.6e
6.0 ± 0.5
68.8 ± 4
-10.9 ± 1a
7.5 ± 0.5
0.23 ± 0.02b
22.3 ± 1.9
6.3 ± 0.6a

7.9 ± 0.6
17.9 ± 2
230.8 ± 15a,c
6.0 ± 0.6b,c
6.2 ± 0.4
68.1 ± 5
-12.4 ± 1
7.6 ± 0.6
0.14 ± 0.01a,d
21.8 ± 2.1
7.1 ± 0.7

9CPA + RLX
8.2 ± 0.6
18.1 ± 1
244.8 ± 22c
4.9 ± 0.5a,d
6.4 ± 0.4
67.5 ± 4
-12.6 ± 2
7.6 ± 0.7
0.13 ± 0.03d
21.5 ± 2
7.5 ± 0.3c

ODQ + 9CPA + RLX
8.7 ± 0.6c
17.5 ± 1.9
259.8 ± 24c
4.3 ± 0.4d
6.4 ± 0.4
67.8 ± 4
-14.0 ± 1c
7.6 ± 0.6
0.09 ± 0.03f
21.9 ± 1.8
7.9 ± 0.2c

In the U shaped inactivation curves (h) the best fit to the data is obtained by the sum of two Boltzmann terms whose parameters are indicated with the
subscript h for the term at negative potential, and 2h for the term at positive potential; the amplitude of the normalized second term, I 2h (Norm), was
evaluated at 50 mV. aP < 0.05, bP < 0.01 and eP < 0.001 RLX compared to the related control; cP < 0.05, dP < 0.01 and fP < 0.001 compared to RLX. Data for Ctr
( = 67 cells, 25 strips from 12 mice), for RLX (n = 20 cells, 10 strips from 5 mice), for ODQ + RLX (n = 18 cells, 9 strips from 5 mice), for 9CPA + RLX (n = 15
cells, 8 strips from 5 mice) and for ODQ + 9CPA + RLX (n = 16 cells, 9 strips from 5 mice), RLX: Relaxin; ODQ: Oxadiazolo[4,3-a]-quinoxalin-1-one; 9CPA:
9-cyclopentyladenine.

9CPA and recovered when the hormone was applied in
the concomitant presence of both the inhibitors. ODQ
or 9CPA added alone to the bath solution did not cause
appreciable differences in current records compared
to control records (P > 0.05). The best fit parameters,
statistical analysis and number of analyzed cells are
reported in Table 1.

partially eliminated in ileum, suggesting the involvement
[43]
of an additional pathway .
Another novel aspect of this research is represented
by the electrophysiological results demonstrating, for
the first time in ileal preparations, that RLX was able to
act directly on the SMC, by influencing its biophysical
membrane features and the voltage-dependent L-type
2+
Ca channels properties. Regarding to the biophysical
properties, the observations that RLX decreases the total
and specific membrane conductance and hyperpolarizes
the membrane potential definitely strengthen each
other, since the decrease of the resting membrane
conductance can indicate the reduction of aspecific
cationic influxes that, in turn, hampering the entrance
of positive charges may favor RMP hyperpolarization.
They are also in good agreement with the depressant
mechanical effects observed in this study, since
changes of the RMP value lead to the reduction of the
contractile activity that strictly depends on membrane
[44]
potential (electro-mechanical coupling) . However,
the signaling cascade associated to membrane hyper
polarization is complicated and still debated; the
GC/cGMP/PKG- and AC/cAMP/PKA-mediated smooth
[44-46]
muscle hyperpolarization is also controversial
. In
the present experiments, the observation that RLX
was able to induce hyperpolarization and that both
ODQ and 9CPA prevented this effect actually supports
the involvement of GC and AC paths on the RMP
modulation.
A remarkable consequence of changes in RMP
2+
can be relayed on L-type Ca channels activation,
since a greater depolarization is necessary to reach
their activation voltage threshold. In this view, it
could be hypothesized that the rhythmic spontaneous
slow waves of the membrane potential, mainly due
to voltage independent channels, only allow a slight
number of SMC to reach the voltage threshold for
2+
L-type Ca current, useful for contractile activation
whereas most of the cells remain relaxed because

DISCUSSION
The present mechanical and electrophysiological results
indicate, for the first time, that the hormone RLX is
able to influence the ileal smooth muscle activity from
female mice acting through a dual pathway, where both
CG and AC activity are involved.
We previously observed in the same kind of pre
[30]
paration
that RLX increased the expression of both
inducible and endothelial nitric oxide synthases but its
depressant effects were not completely abolished by
the NO synthesis inhibitor L-NNA. These observations
indicated that the inhibitory effects of the hormone
mainly occurred through the activation of intrinsic
NO biosynthesis but, at the same time, suggested
the involvement of additional signaling pathways.
Accordingly, the mechanical results of the present study
show that the decay of the muscular tension and the
decrease in amplitude of the spontaneous contractions
caused by RLX are reduced not only by ODQ but also
by 9CPA leading to the novel finding that, other than
GC, AC too is involved in the effects of the hormone
on ileal motility. The involvement of other signaling
pathways, besides the NO/cGMP, may account for the
site-related actions of RLX in the modulation of the
[26]
activity of the different GI tract in mice . In this view,
regional differences among mouse small intestine
tracts concerning the nitrergic mechanisms mediating
inhibitory control of longitudinal SMC contraction have
been reported: the effects of NO donors were indeed
completely abolished by ODQ in jejunum but only
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their RMP is too negative for the achievement of the
electro-mechanical coupling. In fact, the mean positive
membrane value of the waves observed in the presence
of RLX resulted significantly more negative than that
recorded in control condition. Hence, this RLX effect
could also have a role in the control of RMP when the
2+
SMC reaches depolarized potentials at which L-type Ca
channels can be activated: in this case, any reduction
2+
of Ca influx through membrane channels can facilitate
the setting of negative charges in the inner side of the
membrane and thus the hyperpolarization. In addition,
whenever the channel can be activated, its activation
would be reduced by RLX, since it also modified its
2+
voltage-dependence. The consequent reduction of Ca
influx caused by RLX fits well with its depressant actions
2+
on the mechanical activity, since L-type Ca channels
2+
are a chief path through which Ca can enter into the
cell and trigger the contractile machinery in intestinal
SMCs. Therefore, their modulation represents an
effective mechanism playing a role in SMC relaxation.
2+
Noteworthy, these voltage-gated Ca channels can be
modulated by several signaling systems such as cyclic
nucleotides cascades and, even if data about this item
[47]
are sometimes contradictory , in general it is accepted
2+
that cAMP and cGMP inhibit L-type Ca channels. Our
results actually support this clue in the ileum: L-type
2+
Ca channels resulted inhibited by RLX treatment
and either ODQ or 9CPA reduced the effect of RLX,
thus indicating that RLX exerts its effects through the
activation of both NO/GC/cGMP and AC/cAMP signaling
pathways. Since we observed that the blockade of the
synthesis of each cyclic nucleotide seems to prevent a
full RLX action also through the other pathway, we also
suggest a sort of cross-talk mechanism between the
[44]
two pathways, as previously proposed in vascular
[48]
and uterine smooth muscle .
In conclusion, the bulk of the above results indicate
that RLX can be considered an efficient intestinal
motility modulator since it is able to induce significant
changes in smooth muscle mechanical and electrical
activity of ileal preparations. In particular, we found
that RLX reduces the basal tension and the amplitude
of the spontaneous contractions. These effects fit well
with the observed decrease of the resting conductance,
the membrane hyperpolarization and the diminished
2+
Ca influx through L-type channels. All of these
actions are exerted by RLX through a dual signaling
pathway involving both GC and AC, as reported in other
[10,31]
tissues
.
From a physiological point of view, it could be
speculated that the dual signaling pathway may
represent a reinforcing and cross-talking (redundant)
mechanism for RLX aimed to guarantee its actions and
to prolong its modulatory effects in the small intestine.
Furthermore, the observation that two pathways are
engaged by RLX to cause myorelaxation may create the
basis for identifying new therapeutic targets, offering
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stimulating translational perspectives in the treatment
of those intestinal dysmotilities characterized by
hypermotility.
In conclusion, this study shows for the first time
that RLX exerts its relaxant effects on ileal smooth
muscle through the involvement of both GC and AC and
suggests a cross-talk between GC/cGMP and AC/cAMP
pathways.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Background

Relaxin (RLX) has been reported to modulate gastrointestinal smooth muscle
activity in mice through the L-arginine/NO pathway. However, the possibility
that the depressant effects of RLX in ileal preparations could involve additional
pathways, not fully elucidated yet, was raised. On these grounds, the present
study was designed to investigate the signaling pathways involved in the effects
of RLX on ileal preparations. To this aim, we performed experiments using a
combined mechanical and electrophysiological approach.

Research frontiers

The actions of RLX occur through a dual signaling pathway that, from a
physiological point of view, might represent a reinforcing and cross-talking
mechanism for the hormone aimed to guarantee and to prolong its myorelaxant
effects in the small intestine.

Innovations and breakthroughs

This study shows, for the first time in ileal preparations, that RLX is able to
influence the smooth muscle mechanical and electrophysiological activity
through a dual signaling pathway.

Applications

The activation of both adenylate cyclase and guanylate cyclase pathways
by RLX underlines the physiological importance of the hormone to relax ileal
smooth muscle. In this view, it could be speculated that RLX may represent
a potential therapeutic tool in those intestinal dysfunctions characterized by
hypermotility states.

Terminology

The modulation of gastrointestinal smooth muscle activity by hormones may
be investigated “in vitro” by recording either the mechanical responses or the
electrophysiological properties. In ileal preparations, the hormone RLX has
been shown to exert a modulatory role by depressing spontaneous contractions
and by influencing the electrophysiological activity.
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Abstract
AIM
To study the role of microbial metabolites in the
modulation of biochemical and physiological processes
in irritable bowel syndrome (IBS).
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METHODS
In the current study, using a metabolomic approach,
we analyzed the key metabolites differentially excreted
in the feces of control mice and mice with IBS, with
or without Clostridium butyricum (C. butyricum)
treatment. C57BL/6 mice were divided into control, IBS,
and IBS + C. butyricum groups. In the IBS and IBS +
C. butyricum groups, the mice were subjected to water
avoidance stress (WAS) for 1 h/d for ten days. Gas
chromatography/mass spectrometry (GC-MS) together
with multivariate analysis was employed to compare
the fecal samples between groups.

of irritable bowel syndrome. World J Gastroenterol 2018;
24(8): 894-904 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i8/894.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i8.894

INTRODUCTION
Irritable bowel syndrome (IBS) is a functional disorder
of the gastrointestinal (GI) tract. Although the pathology
is complicated, it is believed that multiple factors such
as genetics, visceral hypersensitivity, gastrointestinal
motility, dysregulation of the brain-gut axis, levels of
neuropeptides and hormones, as well as inflammatory
[1]
changes all contribute to IBS development . Recent
emerging evidence has demonstrated certain disorders
[2-7]
that alter fecal microbiota profiles may cause IBS .
The adult human intestinal tract contains a high
11
12
density of microbes (typically 10 -10 microbes/mL of
[8]
luminal content) , which are predominantly obligate
[3]
anaerobes . The gut microbiota not only enhances
host digestion, nutrient absorption, and energy
turnover, but also substantially regulates metabolism,
protects against pathogens, and modulates the host
[9]
immune response . Probiotics are defined as “living
nonpathogenic microorganisms that benefit the health
[10]
of the host by modifying intestinal flora” . A recent
study found that both probiotics and symbiotics can
benefit host health by improving the body’s nitrogen
[11]
metabolism .
Microbial metabolites positively influence biochemical
and physiological processes. Thus, studying the impact
of the microbiota on host–microbial interactions is
more important than identifying the microbial species
present. The metabolome, a complete collection of all
metabolites in a biological specimen, is the end-product
of the complex interactions between the genome,
transcriptome, proteome, and the environment.
Metabolomics is defined as “the nonbiased identification
and quantification of all metabolites in a biological
[12]
system” . The metabolome amplifies the metabolic
[13]
changes caused by a certain biological perturbation .
Fecal samples are ideal biospecimen for metabolomics
analysis, due to the non-invasive nature of sample
collection. Fecal metabolic compositions and variations
not only reflect the status of the intestinal microbiota,
but also bridge the relationship between symbiotic
[14-16]
microbes and host health
. Thus, the metabonomics
signature of IBS fecal samples will be useful to study
the IBS pathological process.
The gas chromatography/mass spectrometry
(GC-MS) platform presents a unique tool with high
sensitivity, high reproducibility, and available spectral
libraries. In this study, we investigated the changes
of the fecal metabolome in IBS pathology using a
murine water-avoidance stress (WAS) model of IBS.
The purpose of this study was to compare and verify
important metabolites and key pathway alterations
between IBS mice and control mice, as well as

RESULTS
WAS exposure established an appropriate model of
IBS in mice, with symptoms of visceral hyperalgesia
and diarrhea. The differences in the metabolite profiles
between the control group and IBS group significantly
changed with the progression of IBS (days 0, 5, 10,
and 17). A total of 14 differentially excreted metabolites
were identified between the control and IBS groups,
and phenylethylamine was a major metabolite induced
by stress. In addition, phenylalanine metabolism was
found to be the most relevant metabolic pathway.
Between the IBS group and IBS + C. butyricum group,
10 differentially excreted metabolites were identified.
Among these, pantothenate and coenzyme A (CoA)
biosynthesis metabolites, as well as steroid hormone
biosynthesis metabolites were identified as significantly
relevant metabolic pathways.
CONCLUSION
The metabolic profile of IBS mice is significantly altered
compared to control mice. Supplementation with C.
butyricum to IBS mice may provide a considerable
benefit by modulating host metabolism.
Key words: Irritable bowel syndrome; Metabolite;
Gas chromatography/mass spectrometry; Clostridium

butyricum

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

Core tip: In this study, we analyzed the key metabolites
differentially excreted in the feces of control mice and
mice with irritable bowel syndrome (IBS). A total of 14
differentially excreted metabolites were identified, and
phenylalanine (a major metabolite induced by stress)
was found to be the most relevant of these metabolites.
Between the IBS group and IBS + C. butyricum group,
10 differentially excreted metabolites were identified,
and pantothenate and coenzyme A (CoA) biosynthesis
metabolites, as well as steroid hormone biosynthesis
metabolites were found to be significantly relevant.
Thus, supplementation with C. butyricum to IBS mice
had beneficial effects through modulation of host
metabolism.
Yu LM, Zhao KJ, Wang SS, Wang X, Lu B. Gas chromatography/
mass spectrometry based metabolomic study in a murine model
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between IBS mice with and without C. butyricum
treatment.

and were extracted with extraction liquid (0.3 mL;
methanol: chloroform at 3:1). L-2-chlorophenylalanine
(20 μL; 1 mg/mL stock in dH2O) was added as an
internal standard. The mixture was vortexed for 30
s and homogenized in a ball mill for 4 min at 45 Hz,
and then exposed to ultrasound for 5 min on ice. The
supernatant (0.2 mL) was transferred into a fresh 2
mL GC-MS glass vial, and 4 μL from each sample was
used to generate a quality control (QC) pooled sample.

MATERIALS AND METHODS
Probiotic strains

C. butyricum (S20020015) was kindly provided by
Shandong Kexing Bioproducts Co. Ltd. (China). Freezedried C. butyricum powder contained both viable
9
bacteria [5.6 × 10 colony-forming units (CFU)/g] and
9
spores (4.4 × 10 CFU/g). Before use, the probiotic
powder was reconstituted in sterile saline at 37 ℃ for
15 min. The final concentration of C. butyricum was
9
1.25 × 10 CFU/mL.

Derivatives of metabolites

Fecal samples were dried in a vacuum concentrator
without heating. Methoxyamination hydrochloride
(70 μL; 20 mg/mL in pyridine) was added and the
mixture was incubated at 80 ℃ for 30 min, followed
by addition of the bis(trimethylsilyl)trifluoroacetamide
regent (80 μL; 1% trimethylchlorosilane, v/v) to the
sample aliquots, which were further incubated for 2 h
at 70 ℃. A standard mixture of fatty acid methyl esters
(10 μL; C8-C16: 1 mg/mL; C18-C24: 0.5 mg/mL in
chloroform) was added to the QC sample. Samples
were then cooled to room temperature and mixed well
prior to GC-MS analysis.

Animals and experimental design

Female C57BL/6 mice (n = 18, aged 5-6 wk) were
purchased from the Experimental Animal Center of
Zhejiang Province (Zhejiang, China), and housed in the
animal maintenance facility at the Zhejiang Chinese
Medical University. Mice were randomly divided into
three groups (control, IBS, and IBS + C. butyricum),
with six mice in each group. Mice in the IBS and IBS +
C. butyricum groups were exposed to water-avoidance
stress (WAS) for 1 h every day for ten days to induce
IBS. All procedures were performed between 8:00 and
10:00 AM to minimize the bias of the circadian rhythm.
Briefly, mice were placed on a small platform (3 cm
× 6 cm) in a plastic container (56 cm × 50 cm) with
warm water (25 ℃) 1 cm below the platform. After
the ten-day WAS period, mice in the IBS and IBS + C.
butyricum groups were given sterile saline (0.4 mL) and
8
C. butyricum (0.4 mL, 5 × 10 CFU), respectively, by
gastric gavage daily for a seven-day treatment period.
All procedures were approved by the Animal Care
Committee of Zhejiang Chinese Medical University, and
all methods were performed in accordance with the
relevant guidelines and regulations.

GC-MS analysis

GC-MS analysis was performed using an Agilent 7890
gas chromatograph system coupled with a Pegasus HT
time-of-flight mass spectrometer. The system utilized
a DB-5MS capillary column coated with 5% diphenyl
cross-linked with 95% dimethylpolysiloxane. An aliquot
of the analyte (1 μL) was injected in a splitless mode
according to the instructions from the kit. The carrier
gas was helium, the front inlet purge flow was 3 mL/
min, and the gas flow rate through the column was 1
mL/min. The initial temperature for 1 min was 50 ℃.
The temperature was then raised to 305 ℃ at a rate of
12 ℃/min, and maintained for 7.75 min at 305 ℃. The
energy was -70 eV in electron impact mode. The mass
spectrometry data were acquired in full-scan mode with
the mass-to-charge (m/z) range of 50-500 at a rate of
20 spectra per sec after a solvent delay of 6.1 min.

Assessment of stool features and visceral sensitivity

Fecal features were evaluated through visual inspection
performed by two investigators blinded to the ran
domization. Presence of semisolid, pasty, or watery
[17]
stools was considered abnormal . Fresh fecal pellets
were collected from all mice in individual metabolic
cages within 2 h on days 0, 5, 10, and 17. All fecal
samples were then stored at -80 ℃ until further
analysis. The visceral sensitivity of mice was evaluated
by measuring the abdominal withdrawal reflex (AWR)
[18]
in response to colorectal distension (CRD) . Semiquantitative AWR scores (0-4) were used to grade pain
responses at various magnitudes of CRD (20, 40, 60,
[17,19,20]
and 80 mmHg)
. Two investigators blinded to
the randomization recorded the AWR scores at each
pressure five times to improve accuracy.

Metabolic profiling analysis

Chroma TOF 4.3× software from LECO Corporation
and the LECO-Fiehn Rtx5 database were used for
[21]
metabolic profiling analysis as described previously .
The RI (retention time index) method was used for
peak identification, and the RI tolerance was 5000. The
metabolic features detected in < 50% of QC samples
[22]
were removed . Raw GC-MS data were exported
to mzData format using MassHunter Workstation
Software (Version B.06.00, Agilent Technologies) and
subsequently sent to the XCMS package under the R
Project. In addition, an internal standard normalization
method was used for the analysis of these data. The
resulting three-dimensional data involving the peak
number, sample name, and normalized peak area were
submitted to SIMCA14.1 software package (V14.1, MKS

Metabolite extraction

Fecal samples were collected in 2 mL microfuge tubes,
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mice (Figure 1A). A higher proportion of IBS mice
showed abnormal stool features and a consistently
increased number of fecal pellets compared with
control mice (Table 1 and Figure 1B). These results
suggested that WAS exposure established an
appropriate model of IBS with symptoms of visceral
hyperalgesia and diarrhea. Interestingly, when C.
butyricum was given for 7 d to WAS-exposed mice,
the AWR scores were significantly reduced (Figure
1C), and the stool features and number of pellets were
improved (Table 1 and Figure 1B), suggesting that C.
butyricum treatment could relieve IBS symptoms in
WAS-exposed mice.

Table 1 Assessment of fecal features
Fecal feature
After WAS exposure
Normal/Abnormal (n)
After treatment
Normal/Abnormal (n)

Control

IBS

IBS + C. butyricum

6/0

0/6b

0/6b

6/0

0/6a

5/1c

The presence of semisolid, pasty, or watery stools was considered
abnormal. bP < 0.01: control vs IBS or IBS + C. butyricum; cP < 0.05, IBS
vs IBS + C. butyricum; aP < 0.05, control vs IBS. C. butyricum: Clostridium
butyricum; IBS: Irritable bowel syndrome; WAS: Water avoidance stress.

Data Analytics Solutions, Umea, Sweden) for principal
component analysis (PCA) and orthogonal projections to
latent structures-discriminate analysis (OPLS-DA). PCA
provided the distribution of origin data. Subsequently,
as an effective approach to sift metabolites, the score
plot of OPLS-DA was achieved to detect differences
and filter variations between the groups. The quality
2
2
of the models was assessed by the R and Q values
in OPLS-DA, which represented the variance and
the predictability derived from the models. After
assessing the data in OPLS-DA, 200 permutations were
2
2
performed, and the resulting R and Q values were
plotted to further assess the model validity. To refine
this analysis, the first principal component of variable
importance in the projection (VIP) was obtained. A
VIP that exceeded 1 with a P-value less than 0.05
indicated a changed biomarker. In addition, the Kyoto
Encyclopedia of Genes and Genomes (KEGG) database
(http://www.genome.jp/kegg/) was utilized to link these
metabolites to metabolic pathways. MetaboAnalyst,
which uses the high-quality KEGG metabolic pathway
as the backend knowledge base, as well as integrated
enrichment analysis and pathway topology analysis
were used to identify the most relevant pathways
(http://www.metaboanalyst.ca).

Metabolomic profiles

Fecal metabolite profiles in the control and IBS groups
were carefully compared. A heat map analysis revealed
that metabolomics could be used to distinguish
between the control and IBS groups (Figure 2). With
the progression of time (days 0, 5, 10, and 17), the
differences in the metabolite profiles between these
two groups were significant. When comparing the fecal
metabolite profiles of the control group with those of
the IBS model group on day 17, PCA revealed that
metabolites were distinguishable between the groups
(Figure 3A). OPLS-DA was used to examine the
metabolites that contributed to the group separation
(Figure 3B). Permutation testing performed on the OPLSDA model revealed remarkable positive slopes (Figure
3C), indicating statistical significance in the separation
of these two groups. A total of 14 differentially excreted
metabolites were distinguishable in the IBS model group
compared to the control group, including myristic acid,
arachidic acid, octadecanol, N-acetyl-D-galactosamine
1,1-hexadecanol, phenylethylamine, 2-furoic acid,
4,2’,4’-trihydroxychalcone, 24,25-dihydrolanosterol,
androsterone 1, chlorogenic acid 1, cysteinylglycine 2,
alpha-tocopherol, and 4-hydroxybenzoic acid. Table 2
summarizes the metabolite differences between the IBS
model and control samples.
To further explore the biological significance asso
ciated with IBS morbidity, we used MetaboAnalyst to
detect the key relevant pathways influenced by IBS.
This pathway analysis revealed that phenylalanine
metabolism was the most relevant pathway influenced
by IBS with an impact value of 0.222 (Figure 3D).
To test whether the metabolomic profile could
be used to distinguish the IBS + C. butyricum group
from the IBS group, we performed a comparison of
metabolomic profiles in these two groups. PCA revealed
that the metabolomics were significantly different
between these two groups (Figure 4A). OPLS-DA was
used to examine the metabolites that contributed to the
separation (Figure 4B). Permutation testing performed
on the OPLS-DA model revealed significantly positive
slopes (Figure 4C), indicating statistical significance
for these two groups. The ten differentially excreted
metabolites between the IBS and IBS + C. butyricum

Statistical analysis

Differences between groups were analyzed by
Student’s t-test for variables following a normal
distribution or Wilcoxon two-sample test for variables
2
without following a normal distribution. A χ test
was used in the analysis of contingency tables. Data
are presented as mean ± SD. A P-value < 0.05 was
considered statistically significant. Statistical analyses
were conducted using SPSS 22.0 (Chicago, IL, United
States) and GraphPad Prism 6.0 software (San Diego,
CA, United States).

RESULTS
Impact of C. butyricum treatment on IBS mice

At day 10 following WAS exposure, all 12 IBS mice
(IBS and IBS + C. butyricum groups) demonstrated
increased mean AWR scores at CRD pressures of 20,
40, 60, and 80 mmHg compared to the six control
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Figure 1 Impact of Clostridium butyricum treatment on irritable bowel syndrome mice. A: Comparison of AWR scores between control and IBS groups, as
well as between IBS and IBS + C. butyricum groups after WAS exposure (n = 6 per group). aP < 0.05; bP < 0.01. B: Fecal pellets at various time points during the
experiment (n = 6 per group). aP < 0.05: IBS vs IBS + C. butyricum; bP < 0.01: control vs IBS, control vs IBS + C. buyricum; eP < 0.001: control vs IBS. C: Comparison
of AWR scores between control and IBS groups, as well as between IBS and IBS + C. butyricum groups following the C. butyricum treatment period (n = 6 per group)
a
P < 0.05; bP < 0.01. AWR: Abdominal withdrawal reflex; C. butyricum: Clostridium butyricum; IBS: Irritable bowel syndrome; WAS: Water avoidance stress.

fecal pellets were also still abnormal in the IBS group
compared to the control group, indicating that the
pathological processes resulting in IBS-like symptoms
did not immediately stop upon stress termination. Of
note, phenylethylamine, which is involved in the key
metabolism pathway of phenylalanine, was significantly
increased in the IBS model group. Interestingly,
treatment of IBS mice with C. butyricum decreased
the fecal pellet number and AWR scores, and restored
the fecal features. A total of ten differentially expressed
metabolites were identified in the IBS + C. butyricum
and IBS model groups. Among these, pantothenic
acid and androsterone 1 were increased in the IBS
+ C. butyricum group. Both pantothenic acid and
androsterone 1 are implicated in the key metabolic
pathways of pantothenate and CoA biosynthesis, as
well as steroid hormone biosynthesis. Therefore, C.
butyricum could change metabolic pathways and reduce
visceral sensitivity and diarrhea symptoms in IBS mice.
The digestive tract of the host is colonized with a
highly complex array of microorganisms composed
mainly of bacteria, with numbers increasing pro
[23]
gressively from the proximal to the distal colon . The
microbiome includes more than five million genes.
Many genes encode biosynthetic enzymes, proteases,
and glycosidases to enlarge the host’s biochemical
[24]
and metabolic capabilities . Such interactions were

groups were pantothenic acid, cysteinylglycine 2,
d-arabitol, arbutin, 3-hydroxyphenylacetic acid,
4-hydroxybenzaldehyde 2, 1-hexadecanol, octadecanol,
5,6-dihydrouracil 1, and androsterone 1 (Table 3).
To explain the biological significance associated with
C. butyricum administration, we applied MetaboAnalyst
to test the important relevant pathways influenced by
IBS and IBS + C. butyricum treatment. Pantothenate,
coenzyme A (CoA) biosynthesis, and steroid hormone
biosynthesis were found to be involved in the most
relevant pathways influenced by C. butyricum treatment
with impact values of 0.077 and 0.013, respectively
(Figure 4D).

DISCUSSION
In this study, we studied the fecal metabolic profile
in a mouse model of IBS, and investigated the
impact of C. butyricum on metabolic changes using
the GC-MS technique. A total of 14 differentially
excreted metabolites were identified in the control
and IBS groups, and phenylalanine metabolism was
the significant metabolic pathway identified in the
IBS group. We found that even 7 d following WAS
termination, the metabolites in the IBS group were
still distinct from those in the control group. The
AWR scores, and the number and features of the
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regulated secondary metabolites, which have biological
[25,26]
activity on both host and microbial compartments”
.
Intestinal bacteria primarily influence the metabolism of
amino acids, fatty acids, steroid hormone biosynthesis,
and oxidative stress pathways. Any changes in the
gut microbiota, such as the diversity, the number, or
the stability, could affect metabolic end-products and
lead to disease development. These metabolites can
[27]
harm the host through : (1) toxic and/or carcinogenic
metabolites produced directly; (2) disturbances of the
homeostatic energy balance, resulting in changes to
host physiology; (3) increased proliferation of other
potentially harmful bacteria via syntrophy; and (4)
direct interaction with intestinal epithelial cells. Gall
[28]
et al
have used proton nuclear magnetic resonance
metabolite profiling of fecal extracts to separate
IBS patients from healthy controls, and indicated
that the gut microbial metabolites were important
factors implicated in the pathogenesis of IBS. Dietary
probiotics have been shown to improve the health
[29]
of the host . A recent study found that probiotics
altered a diversity of pathways including amino acid
metabolism, methylamines, and short-chain fatty acids
[30]
[31]
(SCFA) . Martin et al also found that the application
of Lactobacillus paracasei into the intestine of germ
free mice changed the concentration of amino acids,
anti-oxidants, and creatine in the jejunum and ileum of
these mice.
Amino acids are major nutrients in the diet and
the basic units of protein. The host uses amino acids
as metabolic fuel, and gut bacteria are linked to
host energy metabolism. Proportions of arginine,
proline, and phenylalanine were shown to be high in
[32]
Streptococcus spp . As an essential aromatic amino
acid, phenylalanine is utilized for protein synthesis by
cells throughout the body. Peripheral phenylalanine is
elevated in phenylketonuria disease, which can lead
to mental retardation, seizures, and neurological and
[33]
psychiatric dysfunctions . Phenylalanine has also been
[34]
linked to inflammation. Klassen et al
have found
that the phenylalanine level was increased in patients
during the acute phase of dengue fever, suggesting
that infection may alter amino acid metabolism. In our
study, we found increased phenylethylamine in fecal
extracts of IBS mice compared with healthy control
mice, indicating that the increased stress in mice led
to higher phenylethylamine levels. Phenylethylamine
is an endogenous neuroamine that promotes energy
[35]
and elevates mood , and it is a potential mediator
[36]
of stress . We speculated that the fecal metabolic
changes could be associated with increased energy
metabolism induced by stress in IBS mice to accom
modate the extra energy demand due to muscle
hyper-contractility and inflammation. These findings
[37]
were consistent with a study by Martin et al , in
which they also indicated that post-infectious IBS was
related to changes in energy metabolic intermediates,
as well as lipid and amino acid metabolism, to meet
the energy demand of intestinal muscular hyper-

2
1
0
-1
-2

Cd0 Md0 Cd5 Md5 Cd10 Md10 Cd17 Md17

Figure 2 Heatmap of hierarchical clustering analysis for irritable bowel
syndrome group vs control group at various time points. The colors
at different positions indicate the relative expression of the corresponding
metabolites. C: Control group; M: Model (IBS) group. IBS: Irritable bowel
syndrome.

termed the “microbial-mammalian metabolic axis”,
which was defined as “the multi-way exchange and cometabolism of compounds between the host organism
and the gut microbiome resulting in transgenically-
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Table 2 Metabolites distinguishing irritable bowel syndrome mice from control mice
Formula

Similarity

RT (min)

VIP value

P value

C8H15NO6
C14H28O2
C20H40O2
C16H34O
C18H38O
C8H11N
C5H4O3
C15H12O4
C30H52O
C19H30O2
C16H18O9
C10H18N4O6S2
C29H50O2
C7H6O3

886
878
837
761
632
764
710
245
593
476
402
393
305
811

17.1523,0
15.2969,0
19.8283,0
16.2434,0
17.7928,0
12.6834,0
7.80292,0
22.6862,0
25.186,0
20.6021,0
23.8786,0
16.5878,0
24.0995,0
13.2781,0

1.167810623
1.454697623
2.030221054
2.137279002
1.226172539
1.844742352
1.057850377
1.871154718
2.237217404
1.51415211
1.950369158
2.464379346
1.25237824
1.348316951

0.002673237
0.033949959
0.033823382
0.03239841
0.039254153
0.040836128
0.044324108
0.049356394
0.041969612
0.031210567
0.016252537
0.003149634
0.040967864
0.0129929

Compound
N-acetyl-D-galactosamine 1
Myristic acid
Arachidic acid
1-Hexadecanol
Octadecanol
Phenylethylamine
2-Furoic acid
4,2',4'-Trihydroxychalcone
24,25-Dihydrolanosterol
Androsterone 1
Chlorogenic acid 1
Cysteinylglycine 2
Alpha-tocopherol
4-Hydroxybenzoic acid

Fold change Trend compared with controls
2.665558179
2.405282471
0.555519799
3.735617796
3.503198671
0.234956253
1.829643584
0.502503451
0.449343275
2.125877191
3.264118801
11.06227902
0.406678915
2.36224644

Down
Down
Up
Down
Down
Up
Down
Up
Up
Down
Down
Down
Up
Down

IBS: Irritable bowel syndrome; RT: Retention time; VIP: Variable importance in the projection.
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Figure 3 Separating the irritable bowel syndrome group from the control group by metabolic profiling analysis. A: Score scatter plot of PCA model for IBS
group vs control group; B: Score scatter plot of OPLS-DA model for model group vs control group; C: Permutation test of OPLS-DA model for model group vs control
group; D: Pathway analysis for IBS group vs control group. C: Control group; M: Model (IBS) group; PCA: Principal component analysis; OPLS-DA: Orthogonal
projections to latent structures-discriminant analysis; IBS: Irritable bowel syndrome; C. butyricum: Clostridium butyricum.
[37]

[38]

contractility . In another study, Ponnusamy et al
found that amino acids and phenolic compounds were
increased in IBS patients. This metabolic signature is
similar to that observed in humans experiencing stress
and trauma. Therefore, it is likely that there exists
an energy metabolism disorder induced by stress in
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the IBS pathological processes. In our study, we also
found that alpha-tocopherol was increased in the feces
of IBS mice, likely resulting from its poor absorption
due to diarrhea. Alpha-tocopherol was shown to
be an important anti-oxidant metabolite with anti[39]
inflammatory activity . Therefore, its poor absorption
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Table 3 Differentially excreted metabolites in response to Clostridium butyricum
Formula

Similarity

RT (min)

VIP value

P -value

Fold change

Trend compared with IBS mice

C9H17NO5
C10H18N4O6S2
C5H12O5
C12H16O7
C8H8O3
C7H6O2
C16H34O
C18H38O
C4H6N2O2
C19H30O2

844
393
807
569
545
798
761
632
512
476

16.4657,0
16.5878,0
14.118,0
20.5587,0
13.0677,0
11.9397,0
16.2434,0
17.7928,0
11.8596,0
20.6021,0

1.387200939
1.498082744
2.6949064
1.693255625
1.462693364
1.38788733
2.206799293
1.352431526
1.260961668
1.62619412

0.016130158
0.047913423
0.04068909
0.019486947
0.014333152
0.01853018
0.049776549
0.033517221
0.022218939
0.04838445

0.408462268
0.166509123
2511115.131
0.467550145
0.467960253
0.376921771
0.311045618
0.308621946
0.600255286
0.494710622

Up
Up
Down
Up
Up
Up
Up
Up
Up
Up

Compound
Pantothenic acid
Cysteinylglycine 2
D-Arabitol
Arbutin
3-Hydroxyphenylacetic acid
4-Hydroxybenzaldehyde 2
1-Hexadecanol
Octadecanol
5,6-Dihydrouracil 1
Androsterone 1

IBS: Irritable bowel syndrome; RT: Retention time; VIP: Variable importance in the projection.
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Figure 4 Separating the group treated with Clostridium butyricum from the irritable bowel syndrome only group by metabolic profiling analysis. A:
Score scatter plot of PCA model for IBS group vs IBS + C. butyricum group; B: Score scatter plot of OPLS-DA model for IBS group vs IBS + C. butyricum group; C:
Permutation test of OPLS-DA model for IBS group vs IBS + C. butyricum group; D: Pathway analysis for IBS group vs IBS + C. butyricum group. M: Model (IBS)
group; Y: IBS + C. butyricum group; PCA: Principal component analysis; OPLS-DA: Orthogonal projections to latent structures-discriminant analysis; IBS: Irritable
bowel syndrome; C. butyricum: Clostridium butyricum.

would further deteriorate the state of IBS. Vitamins
are micronutrients that serve as precursors to many
important enzymes necessary for vital biochemical
reactions in all living cells, and vitamin metabolism
has been shown to be important in all types of gut
[40]
microbiomes . Pantothenic acid is widely distributed
in foods, and interestingly, Escherichia coli secretes
15-fold more pantothenic acid than that required
[41]
for maintaining intracellular CoA biosynthesis .
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The precursor of CoA is pantothenic acid, and CoA is
[42]
necessary for 4% of known enzymatic reactions . CoA
is involved in cellular functions and mitochondrial energy
production associated with fatty acids, cholesterol,
heme synthesis, and acetylcholine, and also takes part
in mitochondrial aerobic respiration (tricarboxylic acid
[42,43]
(TCA) cycle)
. Increased levels of CoA contribute
to cellular repair by diminishing lipid peroxidation and
potentiating the synthesis of membrane phospholipids.

901

February 28, 2018|Volume 24|Issue 8|

Yu LM et al . Metabolomic study in IBS mice
[44]

motility, dysregulation of the brain-gut axis, levels of neuropeptides and
hormones, as well as inflammatory changes all contribute to IBS development.

Even et al
found that pantothenic acid had a pro
tective effect by improving the muscular response
in a mouse model of muscular dystrophy. Tumors in
[45]
animals have been found to have low CoA levels ,
which were related to increased glycolytic metabolism
but less associated with oxidative phosphorylation
and the TCA cycle. In our study, we found that the C.
butyricum treatment increased the level of pantothenic
acid, suggesting that C. butyricum likely modulates
energy metabolism in IBS mice by up-regulating the
pantothenate and CoA biosynthesis pathways. Martin et
[46]
al found that probiotics could improve fecal excretion
of glutamine, branched-chain amino acids, glutamate,
glycine, and alanine, and therefore suggested that IBS
could be treated with probiotics. An additional study
has also shown that probiotics could regulate microbial
proteolytic activity, and bacterial metabolism of amino
[47]
acids, SCFAs, and methylamines . In addition, Hong
[48]
et al
revealed a significant increase of acetate,
butyrate, and glutamine, together with a decrease of
trimethylamine in the feces of lactic acid bacteria (LAB)
+ dextran sulfate sodium (DSS)-treated mice when
compared to DSS-only mice. Thus, it is possible that
probiotic treatment is beneficial to energy metabolism,
and could help to relieve gut microbial disturbances.
The normal intestinal microbiota is involved in sex
hormone metabolism of the enterohepatic circulation.
Some Clostridium species can convert cortisol to
[49]
androgen . Our study demonstrated that treatment
with C. butyricum increased androsterone 1 in fecal
samples, thereby influencing the pathway of steroid
hormone biosynthesis. These results suggested that C.
butyricum might change the intestinal microbiota and
enterohepatic circulation to restore gut homeostasis in
IBS mice. IBS is a common disorder in both children
and adults. The pathogenesis and pathophysiology of
IBS result from multifactorial and multisystemic alte
rations. The biopsychosocial model describes IBS as
a dysfunction of the gut-brain axis that is influenced
by genetic susceptibility, as well as physiological, psy
chological, and environmental variables, in addition to
[50]
individual coping mechanisms . In the future, we will
perform fecal metabolomic studies in IBS patients to
explore the gut metabolites in humans.
In summary, this study demonstrated the potential
of metabolomic studies to provide new insights into the
etiology of IBS. Supplementation with probiotics may
provide great future prospects for the treatment of IBS.
However, the findings of this study were limited in that
the metabolites were only detected by GC-MS. Thus,
liquid chromatography (LC)-MS analysis should be
considered for future studies.

Research motivation

Microbial metabolites regulate biochemical and physiological processes. Certain
disorders that alter fecal microbial profiles may cause IBS. Thus, the key topic
we wanted to address in this study is the impact of the microbiota on host–
microbial interactions. Fecal metabolic compositions and variations not only
reflect the status of the intestinal microbiota, but also bridge the relationship
between symbiotic microbes and host health.

Research objectives

The study of fecal metabolomics offers a unique insight to investigate IBS.
In the present study, differentially expressed metabolites and key metabolic
pathways were found in fecal samples from IBS mice, when compared to the
control group. The metabolomic profile in the IBS group was significantly altered
following Clostridium butyricum treatment.

Research methods

Fecal samples were analyzed using gas chromatography-mass spectrometry
(GC-MS) method. The resulting three-dimensional data involving the
peak number, sample name, and normalized peak area were submitted to
SIMCA14.1 software package for principal component analysis (PCA) and
orthogonal projections to latent structures-discriminate analysis (OPLS-DA).
MetaboAnalyst was used to identify the most relevant pathways (http://www.
metaboanalyst.ca).

Research results

In this study, we found differentially expressed metabolites between the control
and IBS groups. C. butyricum administration modulated metabolic profiles
and reduced visceral sensitivity and diarrhea symptoms in IBS mice. This
study demonstrated the impact of metabolomic studies on the etiology of IBS.
Supplementation with probiotics may provide great prospects for the treatment
of IBS. In the future, we will focus fecal metabolomic studies in IBS patients to
explore the prevalent pathways and mechanisms in humans.

Research conclusions

Based on the GC-MS analysis, we found that fecal metabolites were changed
during the pathological process of IBS. IBS mice demonstrated disorders in
fecal microbial profiles, which led to fecal metabolic changes that may affect the
development of IBS. This study also demonstrated the potential of metabolomic
studies to provide new insights into the etiology of IBS. Probiotics can be used
to improve the symptoms of IBS and alter fecal metabolites, and therefore may
be used to treat IBS.

Research perspectives

Intestinal microbiota metabolites are very complex. In the future, our research
will focus on fecal metabolites in IBS patients to explore the pathophysiological
mechanisms in humans. GC-MS combined with liquid chromatography (LC)-MS
analysis should be considered for future studies.
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at the same site as the index polyp. Increasing age;
right-sided location; higher number of polyps resected
and sessile endoscopic appearance of the index
AA/TSA/ASSA were significantly associated with an
increased risk for CRC development at a different site.
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Core tip: Screening colonoscopy reduces colorectal
cancer morbidity and mortality risks through detection
and treatment of precursor lesions. However, screening
colonoscopy has a 3.5% false negative rate for
detection of colorectal cancer (CRC) resulting in 17% of
patients who had undergone colon screening within 3
years being diagnosed with CRC. We report that 3% of
patients with advanced polyps in a surveillance program
developed interval CRC. Recognition that CRC could
develop following advanced polyp removal despite
adherence to guidelines is one step toward improving
our practice efficiency and preventing a portion of CRC
related morbidity and mortality.

Abstract
AIM
to determine the frequency and risk factors for
colorectal cancer (CRC) development among individuals
with resected advanced adenoma (AA)/traditional
serrated adenoma (TSA)/advanced sessile serrated
adenoma (ASSA).

Mouchli MA, Ouk L, Scheitel MR, Chaudhry AP, FelmleeDevine D, Grill DE, Rashtak S, Wang P, Wang J, Chaudhry R,
Smyrk TC, Oberg AL, Druliner BR, Boardman LA. Colonoscopy
surveillance for high risk polyps does not always prevent
colorectal cancer. World J Gastroenterol 2018; 24(8): 905-916
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i8/905.htm DOI: http://dx.doi.org/10.3748/wjg.v24.i8.905

METHODS
Data was collected from medical records of 14663
subjects found to have AA, TSA, or ASSA at screening
or surveillance colonoscopy. Patients with inflammatory
bowel disease or known genetic predisposition for CRC
were excluded from the study. Factors associated with
CRC developing after endoscopic management of high
risk polyps were calculated in 4610 such patients who
had at least one surveillance colonoscopy within 10
years following the original polypectomy of the incident
advanced polyp.

INTRODUCTION
Colorectal cancer (CRC) is the second leading cause
[1-4]
of cancer-related death in the United States
.
Colonoscopy with removal of premalignant lesions has
contributed to a recent decline in CRC incidence and
the number of deaths from this disease; nevertheless
5%-9% of patients diagnosed with CRC have under
gone screening colonoscopy within the 3 years prior
[5]
[3]
to detection of cancer . Than et al reported that
colonoscopy has a 3.5% false negative rate for
detection of CRC since 17% of patients with newly
diagnosed CRC had been investigated with bowelspecific investigations within the previous 3 years.
[6]
Winawer et al reported that 6% of patients with
advanced adenomas (AA) are missed by colonoscopy.
The development of CRC despite colonoscopy may

RESULTS
84/4610 (1.8%) patients developed CRC at the
polypectomy site within a median of 4.2 years (mean
4.89 years), and 1.2% (54/4610) developed CRC in
a region distinct from the AA/TSA/ASSA resection
site within a median of 5.1 years (mean 6.67 years).
Approximately, 30% (25/84) of patients who developed
CRC at the AA/TSA/ASSA site and 27.8% (15/54)
of patients who developed CRC at another site had
colonoscopy at recommended surveillance intervals.
Increasing age; polyp size; male sex; right-sided
location; high degree of dysplasia; higher number
of polyps resected; and piecemeal removal were
associated with an increased risk for CRC development

WJG|www.wjgnet.com

906

February 28, 2018|Volume 24|Issue 8|

Mouchli MA et al. CRC following advanced adenoma polypectomy
reflect missed superficial depressed lesions (cancer or
[7]
high risk adenoma), incompletely resected adenomas ,
[8]
de novo cancer , or delayed diagnosis because of failed
[9,10]
biopsy detection
.
Adenomatous polyps are the most common neo
[11]
plastic finding at colonoscopy . These neoplastic polyps
have malignant potential and are classified histologically
[12]
as villous, tubulovillous, or tubular adenomas . The
malignant potential of these polyps correlates with type,
size, and degree of dysplasia of the polyp. Advanced
adenomas (AA) are those which are larger than 10 mm,
have tubulovillous or villous architecture, or have high
[13]
grade dysplasia .
The term “serrated adenoma” was introduced by
[14]
Longacre et al
to describe polyps with dysplastic
(adenomatous) cytology and serrated crypt architecture.
[15]
Later, Torlakovic et al coined the term sessile serrated
adenoma to describe a different lesion, one with
serrated crypts and characteristic architectural changes
but usually no cytologic dysplasia. In order to avoid (or
at least minimize) confusion, the Longacre lesion was
renamed “traditional serrated adenoma.” Despite the
shared terminology, SSA and TSA are not necessarily
[16]
related lesions . After a few more terminology
modifications, the current World Health Organization
classification for serrated polyps is: hyperplastic polyp,
sessile serrated polyp (SSP) without dysplasia; sessile
serrated adenoma (SSA) with cytological dysplasia, and
[17]
traditional serrated adenoma . The risk of developing
CRC from a serrated lesion correlates with larger size (>
10 mm), presence of dysplasia and higher number of
synchronous polyps.
Surveillance is recommended by the United States
Preventive Services Task Force (USPSTF) 3 years
[11]
after removal of AA, TSA, or advanced SSA
while
the European guidelines recommend surveillance at 1
years for high risk polyps (≥ 20 mm) but three years
[18]
for intermediate risk polyps(10 mm to < 20 mm) .
Despite frequent colonoscopy, CRC has been shown
[19]
to develop at an incidence rate of 1.2/1000 . Though
several large studies have illustrated the rates of post
[20]
colonoscopy CRC to be low , we were particularly
interested in how often CRC develops in the highest risk
patients, namely those who have AA, TSA, or advanced
SSA.

had at least one surveillance exam following the index
polypectomy for their AA/TSA/ASSA. Surveillance
exams were performed only for follow up and were not
done in response to clinical symptoms. Colonoscopy
reports prior to the incident advanced polyp lesion were
not available in the electronic medical record on most
patients and thus were not included in this study.
We included all patients ≥ 18 years of age dia
gnosed with either AA between January 1990 to
December 2010 or ASSA/TSA between January 2000
to December 2010. Patients were followed through
August 2016. Patients with a diagnosis of a polyposis
syndrome, inflammatory bowel disease, or a known
genetic predisposition for CRC were excluded from
the study. We identified all patients from this cohort
who had developed CRC (n = 84) and then randomly
selected 252 patients who had an AA, TSA, or ASSA
at index colonoscopy but who had not developed CRC.
Clinical and pathological features of high-risk polyps (i.e.,
size, histology, site, and degree of dysplasia, time of
index polypectomy), number and timing of surveillance
colonoscopies and post polypectomy CRC (i.e., size, site,
grade and stage) were collected via chart abstraction for
this cohort of patients. Subjects who had not developed
post-polypectomy CRC were randomly selected from a
pool of 10 patients matched to the post-polypectomy
CRC group based on polyp histology and size (< or
≥ 20 mm), degree of dysplasia and decade that the
index polyp was removed. ASSA was classified as
being at higher risk for malignant transformation if the
polyp was > 10 mm, had dysplasia or higher number
of synchronous polyps (≥ 3 polyps in small polyps
measuring < 10 mm or ≥ 2 large polyps measuring >
[17]
10 mm) .
Post-polypectomy CRC was classified as same site
cancer if the cancer arose in the region of the colon in
which the high risk polyp had been removed. Since our
surveillance intervals and time from index AA/TSA/ASSA
to cancer development extended beyond three years in
[21]
some cases, we did not use the term interval cancer ,
but rather post-polypectomy cancer. We acknowledge
that it is impossible to know if the development of
CRC in the same region as the high risk polyp that had
prompted surveillance, we would anticipate that this
high risk polyp would be the most likely source for the
cancer.
Though these cases spanned from 1990 to 2010
for the AA and from 2000 to 2010 for the TSA and
ASSA, we applied the most current USPSTF guidelines
to all of these cases in order to assess the ability of
these recommendations for polyp management of
[11]
these high risk patients . We similarly assessed using
the European surveillance guidelines distinguishing
intermediate versus high risk AA/TSA/ASSA based on
polyp size. A polyp was classified as persistent if polyp
clearance was not achieved on any of the surveillance
procedures and as recurrent if the polyp had been

MATERIALS AND METHODS
Study population

In this IRB-approved nested case cohort study (IRB
622-00), we reviewed the colonoscopy database and
pathology reports for patients who were seen at Mayo
Clinic, Rochester, Minnesota for colonoscopy related to
any indication and found to have high-risk AA (villous
architecture; high grade dysplasia and/or size > 10
mm), TSA, or Advanced SSA (any dysplasia and/or
size > 10 mm), then identified 4160 patients who
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Table 1 Clinical and demographic characteristics of patients who developed colorectal cancer at the index AA/TSA/ASSA resection
site n (%)
Characteristics
Demographics
Male sex
Age, yr (≥ 70)
Time interval from first treatment for advanced adenoma till cancer or last
surveillance colonoscopy in years (median, IQR)
Number of colonoscopies between first polypectomy and cancer (mean ± SD)
Adenoma size (1-2 cm)
Adenoma size (> 2 cm)
Flat/sessile
Degree of dysplasia
High grade
Low grade/no dysplasia
Number of attempts to remove the polyp (mean ± SD)
Number of polyps resected (> 3 polyps)
Polypectomy device used
Hot snare
Cold snare
Snare NOS
Additional treatments
Piecemeal removal
Mucosal lift
Polyp location
Right colon
Left colon
Rectum

Developed CRC (n = 84)

No CRC (n = 252)

P value1

56 (66.7)
40 (47.6)
4.24 (1.51-7.23)

138 (54.8)
85 (33.7)
6.0 (4.05-9.35)

0.06
0.02
< 0.01

1.65 ± 2.30
31 (42.5)
20 (27.4)
76 (91.6)

1.47 ± 1.6
146 (58.2)
27 (10.8)
161 (66.8)

0.83
0.03
0.0007
< 0.01

28 (33.3)
56 (66.7)
2.05 ± 1.62
14 (16.7)

66 (26.2)
186 (73.8)
1.26 ± 0.60
21 (8.3)

0.18
0.18
< 0.01
0.03

19 (24.1)
5 (6.3)
60 (75.9)

41 (16.3)
26 (10.3)
185 (73.4)

0.11
0.11
0.11

21 (27.6)
13 (17.1)

30 (13.1)
23 (10.0)

< 0.01
0.10

63 (75.0)
8 (9.52)
13 (15.5)

110 (43.7)
106 (42.1)
36 (14.3)

< 0.01
< 0.01
< 0.01

1

P-values for continuous variables were obtained using the Kruskal-Wallis Test; Pearson’s χ 2 test was used for discrete variables. CRC: Colorectal cancer.

successfully treated, not detected on at least one
subsequent colonoscopy but recurred at the tattooed
site of the original AA/TSA/ASSA.

or R (version 3.2.3).

Statistical analysis

AA/TSA/ASSA were detected in 14633 patients at
incident colonoscopy. Of those, 1261 were excluded
since they were found to have incident CRC at the time
of AA/TSA/ASSA detection. After excluding patients
who did not undergo a surveillance colonoscopy after
this index polypectomy, 4610 patients were evaluated.
Thirty- one of the 1390 (1.67%) of the TSA and ASSA
were found to have subsequent CRC, and 107/3406
(3.14%) of the AA patients developed subsequent CRC
(p = 0.11) (Figure 1).

RESULTS

The data are reported as mean (± SD), median
(interquartile range, IQR), ranges, and categorical
variables by counts and percentages as appropriate.
We included only cancers occurring at least one year
after polypectomy to minimize the risk of detection
bias and misclassification. Patients with a past
history of CRC diagnosed were included in our study.
Estimates of the rate of cancer for the entire cohort
were determined by using the Kaplan-Meier survival
curve with log-rank test. To identify risk factors
associated with development of cancer, we performed
univariate time-to-event analysis with Cox proportional
regression models that accounted for the case-cohort
design by using case weights to account for the
[22-24]
sampling frame and robust estimates of variance
.
Variables with p < 0.05 on univariate analysis were
included in a multivariate Cox proportional hazard
analysis to identify independent risk factors associated
with malignancy. Finally, penalized regression models
were run using Lasso regression, with 10-fold cross
validation, to provide robust estimates of the model
coefficients, which should provide better predictions
[25]
when used with external data . All statistical analyses
were conducted using JMP version 10 for Windows (SAS
Institute Inc., Cary, NC, United States), SAS (version 9)
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Post-polypectomy CRC at the AA/TSA/ASSA resection
site

Sixty-three patients with history of AA (41 villous, 22
tubular), two with TSA and 19 with ASSA (15 without
dysplasia and 4 with dysplasia) who developed CRC
at the same site as the index polyp were identified.
These 84 patients were compared to a randomly
selected cohort of 252 of the AA/TSA/ASSA patients
who did not develop post-polypectomy CRC. Patients
who developed CRC at the index polypectomy site
were significantly older (47.6% vs 33.7%, p = 0.02);
had larger index polyps (15.5% vs 7.1%, p = 0.02);
had an increased number of synchronous polyps at
time of polypectomy (16.7% vs 8.3%, p = 0.03) and
were more likely to have AA/TSA/ASSA in the right
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2640 with advanced SSA/P or TSA
a
at incident colonoscopy

2460 with caner
free SSA/P or TSA

Incident CRC in 180/2460
(14.7%) case: 44 caner
adjacent polyps and 136
synchronous CRC

1390/2460 (57%) had
surveillance colonoscopy

c

84/4610 (1.8%) patients developed
colorectal cancer in the same site

12023 with advanced adenomax
b
at incident colonoscopy

10942 with
cancer free
advanced TA,
VA, or TVA

Incident CRC in 1081/12023
(11.1%) case: 762 caner
adjacent polyps and 319
synchronous CRC

3406/10942 (31%) had
surveillance colonoscopy

b

54/4610 (1.2%) patients developed
colorectal cancer in a different site

Figure 1 Selection of patients included in the determination of colorectal cancer development despite surveillance colonoscopy. aPolyp removal between
1/1/2000 12/31/2010 for SSA and TSA for TA, TVA and VA between 1/1/1990 12/31/2010 with follow up complete through 12/31/2016. b186 developed both of sessile/
traditional serrated and AA. cPatients with advanced developed a denoma have at least one the these features (histology with villous component, > 1 cm, or high
grade dysplasis). SSA: Sessile serrated adenoma; SSP: Sessile serrated polyp; TSA: Traditional serrated adenoma; TA: Tubular adenoma; VA: Villous adenoma; TVA:
Tubulovillous adenoma.

colon (75% vs 43%; p < 0.01) than the patients who
did not develop post-polypectomy CRC. Patients with
smaller polyps (> 10 mm and < 20 mm) that would
be categorized by EU guidelines were less likely to
develop post-polypectomy CRC (p = 0.03). Other
findings are shown in Table 1.
CRC developed over a median follow-up of 2.31
years (IQR: 0.58-4.27). The most common site of
post- polypectomy CRC was the cecum (33.3%)
followed by the ascending colon (20.2%). Mean tumor
size was 3.25 ± 2.0 cm. The proportion of patients
with stage 1-2 and stage 3-4 were 38.1% and 53.6%,
respectively. Altogether, 6 patients (7.1%) were
diagnosed with metastatic disease.
The most common causes associated with postpolypectomy CRC development were non-adherence
to recommended surveillance interval (27.4%),
incomplete resection of high risk polyp (25.0%), and
unknown causes (30%) (Supplementary table 1).
Notably, the median time from the index polypectomy
to post-polypectomy cancer development ranged from
0.7 years for patients with persistent or recurrent
polyps at the index polypectomy site to 3.5 years
for patient who developed CRC but had at least one
negative surveillance colonoscopy done after the index
polypectomy. Patients who had their surveillance
colonoscopy later than recommended or who were
recommended by their healthcare providers to have
follow up of their index AA/TSA/ASSA later than
guideline recommendations developed CRC at a median
of 6 years after treatment for the index AA/TSA/ASSA
(Supplementary table 1). The 1-, 5-, and 10- year
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cumulative incidences of cancer were 0.3%, 1.1%,
and 1.6%, respectively (Figure 2a).
By multivariate analysis, patient age ≥ 70 at time
of polypectomy (HR = 2.31, 95%CI: 1.04-5.12, p =
0.04), male sex (HR = 2.87, 95%CI: 1.14-6.81, p
= 0.03), polyp size ≥ 20 mm (HR = 3.70, 95%CI:
1.07-12.77, P = 0.04); degree of dysplasia (High
vs Low) (HR = 2.59, 95%CI: 1.09-6.18, P = 0.03),
higher number of polyps resected (HR = 5.94, 95%CI:
1.98-17.79, P < 0.01), and piecemeal compared to
en bloc resection (HR = 5.42, 95%CI: 1.82-16.20,
P = 0.01) were all significant factors associated with
CRC development. Left vs right colon AA/TSA/ASSA
location was associated with decreased risk (HR = 0.09,
95%CI: 0.03-0.29, P < 0.01) (Table 2).

CRC at site distinct from the index AA/TSA/ASSA

Forty-four patients with history of AA (27 villous, 17
tubular); three with TSA and seven with ASSA (four
with dysplasia) later developed CRC at a site distinct
from that of the incident AA/TSA/ASSA. One hundred
and sixty-two patients who underwent polypectomy
for AA/TSA/ASSA but did not later develop CRC (Table
3) were randomly selected to be the comparison group
matched to the control group based on polyp histology
and degree of dysplasia.
For the 54 patients who developed CRC at a site
distinct from the index polypectomy, the most common
sites of the index polyp were the rectum (18.5%) and
the transverse colon (18.5%) followed by the ascending
colon (16.7%). Forty-eight% of these patients were ≥
70, while 32.1% of patients who did not develop CRC
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Table 2 Risk factors for colorectal cancer at AA/TSA/ASSA resection site
Univariate analysis, HR (95%CI) P value Multivariate analysis, HR (95%CI) P value

Risk factors
Male sex (M:F)
Age at polypectomy (≥ 70)
Polyp size (≥ 20 mm)
Degree of Dysplasia (High:Low)
Polyp location (Left colon: Right colon)
Polyp location (Rectum: Right colon)
Number of polyps resected at polypectomy (> 3 polyps)
Polypectomy device used (Hot snare: Cold snare)
Polyp shape (Flat: Pedunculated)
Piecemeal removal (Yes:No)
Injection-assisted endoscopic mucosal resection (EMR) (Yes:No)

1.74 (1.01-2.98)
2.51 (1.47-4.27)
2.60 (1.17-5.78)
1.90 (1.06-3.41)
0.10 (0.04-0.22)
0.47 (0.22-1.02)
2.40 (1.10-5.24)
1.24 (0.49-3.75)
6.15 (2.67-14.15)
2.80 (1.44-5.46)
2.15 (0.98-4.68)

0.04
< 0.01
0.02
0.03
< 0.01
0.06
0.03
0.46
< 0.01
< 0.01
0.06

2.87 ( 1.14-6.81)
2.31 (1.04-5.12)
3.70 (1.07-12.77)
2.59 (1.09-6.18)
0.09 (0.03-0.29)
5.94 (1.98-17.79)
2.79 (0.94-15.23)
5.42 (1.82-16.20)
-

0.03
0.04
0.04
0.03
< 0.01
< 0.01
0.06
0.01
-

EMR: Endoscopic mucosal resection.

Table 3 Clinical and demographic characteristics of patients who developed post-polypectomy colorectal cancer at site distinct from
index AA/TSA/ASSA polypectomy n (%)
Characteristics
Demographics
Male sex
Age ≥ 70
Time interval from first treatment for
advanced adenoma till cancer or last
surveillance colonoscopy in years (median,
IQR)
Number of colonoscopies between first
polypectomy and cancer (mean ± SD)
Adenoma size (10-20 mm)
Adenoma size (≥ 20 mm)
Flat/sessile
Degree of dysplasia
High grade
Low grade/no dysplasia
Number of attempts to remove the polyp
(mean ± SD)
Number of polyps resected at polypectomy
(> 3 polyps)
Polypectomy Device used
Hot snare
Cold snare
Snare NOS
Additional treatments
Piecemeal removal
Injection-assisted EMR
Polyp location
Right colon
Left colon
Rectum

Patients with post-polypectomy CRC (n = 54) Patients who did not develop CRC (n = 162) P value
27 (50.0)
26 (48.2)
5.11 (2.67-10.37)

88 (54.3)
52 (32.1)
6.8 (4.0-10.26)

0.58
0.04
0.08

1.24 ± 1.58

1.65 ± 1.68

0.03

25 (48.1)
9 (17.3)
47 (92.2)

106 (65.8)
20 (12.4)
91 (58.71)

0.03
0.51
< 0.01

17 (31.5)
37 (68.5)
1.35 ± 0.68

51 (31.5)
111 (68.5)
1.33 ± 0.68

< 0.01

11 (20.4)

15 (9.5%)

0.04

12 (22.2)
4 (7.4)
38 (70.5)

26 (16.05)
12 (7.0)
127 (76.5)

0.63
0.63
0.63

9 (16.7)
3 (5.6)

21 (13.0)
16 (10.0)

0.5
0.33

31 (57.4)
13 (24.1)
10 (18.5)

40 (24.7)
89 (54.9)
33 (20.4)

< 0.01
< 0.01
< 0.01

1

1

P-values for continuous variables were obtained using the Kruskal-Wallis Test; Pearson’s Chi-square test was used for discrete variables. CRC: Colorectal
cancer.

were ≥ 70 years old (P = 0.04). Fifty percent of these
patients with post-polypectomy CRC and 54% of those
in the comparison group were male. CRC developed
over a median follow-up of 2.64 years (1.0-6.33). Mean
tumor size was 4.48 ± 4.81 cm. The most common site
of CRC was the transverse colon (22.2%) followed by
the cecum (18.5%), the ascending colon (18.5%), and
the hepatic flexure (18.5%). The proportion of patients
with stage 1-2 and stage 3-4 were 31.5% and 57.4%,
respectively. In 10 cases, the patients (18.5%) were
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diagnosed with metastatic disease. Details of patient
characteristics are shown in Table 3.
The most common causes associated with postpolypectomy CRC development at another site were
non-adherence to recommended USPSTF surveillance
intervals (31.5%), followed by unknown causes
(27.8%), and incomplete colonoscopy (26.0%)
(Supplementary table 2). The 1-, 5-, and 10- year
cumulative incidences of cancer were 0.17%, 0.56%,
and 0.87%, respectively (Figure 2a). The median
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B
2.0

CRC developed at
polypectomy site
CRC developed at
a different site

1.8
Cumulative incidence (%)

Proportion surviving after CRC diagnosis

A

1.6
1.4

P = 0.02

1.2
1.0
0.8
0.6
0.4
0.2
0.0
0

C

1

2

3

4

5
yr/t

6

7

8

9

10

1.0
0.8
0.6
0.4
0.2
0.0

1

2

3

4
5
6
Follow-up (yr)

7

8

9

10

20
Right colon cancer
Left colon cancer
Rectal cancer

18
Number of CRC not arising
from the index polypectomy

P = 0.90

CRC at different site
CRC at same site

16
14
12
10
8
6
4
2
0

Right colon
polyps

Left colon
polyps

Rectal
polyps

Figure 2 Cumulative incidence of de novo cancers after polypectomy in 4610 patients (A). A: Observed cumulative incidence curves of patients who developed
CRC at the same site (dashed lines) and a different site (dashed lines) from the index polyp in year 1, 2 and 3 were 0.3, 0.5, and 0.7 vs 0.17, 0.24, and 0.33,
respectively. B: Survival after CRC diagnosis at the same and different site. Kaplan-Meier Curves for Overall Survival among patients who developed CRC at the
same site and a different site distinct from the site of the high risk polyp indicates that there is no significant difference between the two groups. C: Cancer location, as
compared to removed polyp location in patients who developed CRC in area distinct from polypectomy site of the high risk polyp. From left to right: right colon polyps,
left colon polyps, rectal polyps. On Y axis is the number of right colon cancers (blue); left colon cancer (red) and rectal cancer (green).The figure shows that right sided
colon cancer was the most frequent location for a cancer to develop in a site distinct from the index polyp regardless of the location for the index polyp.

survival after CRC development was not significantly
different for patients who developed CRC at the same
site as compared to those who developed CRC at a
different site (15.2 years vs 12.7 years, P = 0.90)(
Figure 2b).
Right-sided post-polypectomy CRC were more
common than left-sided CRC (P < 0.01) (Figure 2c).
By multivariate analysis, patient age ≥ 70 years at
time of polypectomy (HR = 3.02, 95%CI: 1.23-7.41,
P = 0.02); polyp shape (sessile vs pedunculated) (HR
= 3.92, 95%CI: 1.10-14.04, P = 0.04) and number
of polyps resected (HR = 4.05, 95%CI: 1.38-11.90, P
= 0.01) were significant factors associated with CRC
development at another site. Polyp location (left vs
right) (HR = 0.23, 95%CI: 0.08-0.63, P < 0.01) was
associated with decreased risk (Table 4).

malignant transformation. Even under watchful, directed
colonoscopic surveillance and management of those
polyps with the highest risk, 1.8% of patients developed
post polypectomy CRC at the index polyp site and 1.2%
developed CRC at a site distinct from the index AA/TSA/
ASSA.
Villous and tubular adenomas were the most
commonly observed histologies. ASSA/TSA were less
common, possibly due to limited recognition of the
serrated-cancer pathway during the time frame in this
study, but which has improved within the last decade.
One-third of patients developed CRC at the polypectomy
site despite following appropriate surveillance intervals.
This could be secondary to high endoscopic miss rate or
rapidly-progressing cancer development. We found that
increasing age at the time of polypectomy, number of
polyps, polyp size, location, degree of dysplasia, and
piecemeal resection were associated with increased
CRC risk.
CRC developed at the index AA/TSA/ASSA poly
pectomy site in 1.8% (84/4610) of patients despite
apparent initial complete resection of the high risk

DISCUSSION
This study showed that there is a persistent risk for
post-polypectomy CRC despite surveillance colonoscopy
for those polyps known to have the highest risk for
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Table 4 Risk factors for post-polypectomy colorectal cancer distinct from index AA/TSA/ASSA site
Risk factors

Univariate analysis, HR (95%CI)

Male sex (M:F)
Age at polypectomy (≥ 70)
Polyp size (≥ 20 mm)
Degree of dysplasia (High: Low)
Polyp location (Left colon: Right)
Polyp location (Rectum:Right colon)
Number of polyps resected at polypectomy (> 3 polyps)
Polypectomy device used (Hot snare:Cold snare)
Polyp shape (Flat/sessile: Pedunculated)
Piecemeal removal (Yes:No)
Injection-assisted EMR (Yes:No)

0.79 (0.40-1.57)
3.68 (1.82-7.48)
1.93 (0.77-4.83)
1.41 (0.65-3.08)
0.15 (0.07-0.34)
0.22 (0.07-0.68)
2.94 (1.14-7.54)
0.64 (0.22-2.34)
8.0 (2.62-24.05)
1.68 (0.67-4.22)
0.70 (0.19-2.60)

P value Multivariate analysis, HR (95%CI) P value
0.50
< 0.01
0.16
0.39
< 0.01
< 0.01
0.03
0.24
< 0.01
0.27
0.59

3.02 (1.23-7.41)
0.23 (0.08-0.63)
0.23 (0.05-1.00)
4.05 (1.38-11.90)
3.92 (1.10-14.04)
-

0.02
< 0.01
0.05
0.01
0.04
-

EMR: Endoscopic mucosal resection.
[35]

post polypectomy for advanced adenoma . Risk
factors for pent surveillance was associated with a
colonoscopist’s having finished colonoscopy training
prior to 1990; presently being in training; practicing in
a non-academic setting, and performing a low life time
[36]
number of colonoscopies .
In our study, we confirmed the finding by Robertson
[37]
et al
that patients who are older at the time of
polypectomy for AA are more likely to develop postpolypectomy CRC. Toll et al reported that CRC
developed in 7% of patients with large polyps with high
[38]
grade dysplasia over an average of 7 mo . We also
found that patients with right-sided AA/TSA/ASSA are
more likely than those left-sided high risk polyps to
develop same site post-polypectomy CRC, possibly due
to the fact that flat polyps are more likely to arise in the
[39]
right-side of the colon and are more easily missed .
Our study, like other studies, have implicated large (≥
20 mm ) polyps as particularly high risk and in need
of a follow-up colonoscopy relatively soon after initial
resection because the residual polyp could persist
or recur with subsequent progression to CRC after
[40]
polypectomy . In this group of patients with persistent
or recurrent high risk polyps, markers that predict
whether a polyp needs to be removed with a colon
resection to prevent CRC have yet to be identified. The
clinical or molecular clues that distinguish the three
quarters of patients with recurrent AA/TSA/ASSA who
are able to be successfully treated with colonoscopic
therapy from the ¼ of patients in whom the recurrent
polyps will progress to cancer need to be expanded
beyond the current features that declare a polyp as “high
risk”.
Our study highlights the risk of missing additional
adenomas or cancers at a surveillance colonoscopy
for follow up of an index AA/TSA/ASSA. Recognition
that post-polypectomy CRC can happen at a site
distinct from the index polypectomy even in individuals
undergoing more intensive surveillance may be
leveraged to improve the success rates of surveillance
colonoscopy. It is possible that by expanding the
proceduralist’s attention beyond evaluation of the
target lesion - in addition to utilizing each opportunity

polyp. In 25% of these cases in which CRC developed
at the index polypectomy site, the polyp had been
found on surveillance colonoscopy either to have
persisted or recurred, and subsequently progressed to
cancer. It is possible that some polyps were missed,
since colonoscopy has a failure rate of 6%-12% in
[26,27]
detecting adenomas > 10 mm
. Alternatively, this
could be explained by rapid progression from adenoma
[28]
to CRC or by de novo CRC formation . In spite of at
least one surveillance colonoscopy in which there was
no endoscopic evidence of recurrence of the index
polyp, CRC was identified at the index polypectomy site
on subsequent colonoscopy in nearly one third of those
who developed same site post polypectomy CRC.
Polypectomy techniques have been implicated as
one potential risk factor for post polypectomy CRC.
Endoscopic piecemeal mucosal resection has been
reported to be associated with 12.2%-55% rate for
[29-33]
recurrence at the polypectomy site
, which is known
to be suboptimal for full resection of flat polyps in part
because of the difficulty to completely identify, and
thus include with the resection, the tissue bordering
the polyp. Walsh et al studied 65 patients with large
flat polyps treated with piecemeal resection with
electrocautery snare. Nearly 14% of the polyps recurred
after at least one negative intervening examination,
and CRC developed in 17% of the patients after
[30]
complete resection of the large polyp . In another
study, the rate of recurrence after endoscopic mucosal
resection (EMR) with mucosal lift was observed in
[34]
7% of patients with flat polyps . In our study, CRC
occurred in 21 (27.6%) and 13(17.1%) of the patients
who received piecemeal resection and en bloc EMR
with mucosal lift, respectively. Piecemeal snare excision
but not EMR with mucosal lift was an independent risk
factor for post polypectomy CRC in this study; but
further prospective studies are needed to examine the
prognostic utility of EMR with CRC development.
In our study, poor adherence to current surveillance
guidelines appeared to contribute to 8.3% of the cases
of post-colonoscopy CRC. A previous study showed
that delayed surveillance interval was associated with
the development of CRC in almost 2% of patients
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at the surveillance colonoscopy to perform a thorough
examination of the entire colon - may decrease
the unanticipated and undesired outcome of CRC
developing in spite of repeated surveillance. Adenoma
miss rates during colonoscopic surveillance have been
[41]
[2]
reported to range from 6% to 27% . Bressler et al
reported that the rates for new/missed colon cancer
which developed within 6-36 mo after colonoscopy were
approximately 6.0% in the right colon; 5.5% in the
transverse colon; 2.0% in the descending colon; and
[2]
2.3% in the rectosigmoid colon . Positive screening
tests such as Cologuard™ could improve colonoscopy
performance. Johnson et al found that endoscopists
who were aware of the Cologuard™ results spent more
time and found more hemorrhagic and precancerous
[41]
polyps than blinded endoscopists . Features other
than colonoscopy adenoma detection and polypectomy
skills may contribute to these post-polypectomy CRCs
at either the index site or in other areas of the colon.
Our study has several limitations. In addition to the
retrospective nature of our study, we were not able to
obtain data on all patients who did not develop CRC due
to the large size of this cohort. To obtain reliable data
would have necessitated manual review of over 4000
patient medical records not available in the electronic
medical record to confirm the colonoscopy and pa
thology data for surveillance colonoscopies done both
at Mayo and at other healthcare centers. Therefore,
the relatively small number of post-polypectomy CRC
cases was compared to a randomly selected portion
of patients who did not develop post polypectomy
CRC, rather than to the entire cancer free cohort.
Another limitation is the relatively low number of TSA
or ASSA patients compared to those with AA. We did
not account for other confounding factors associated
with higher lifetime risks and mortality from CRC such
as the patient’s BMI, smoking exposure, exercise,
use of aspirin or NSAIDs, prior colonoscopy exams,
or the adenoma detection rate of the performing
[42]
colonoscopist .
This study shows that the applicability of current
evidence-based surveillance guidelines to some patients
with AA/TSA/ASSA is limited. There is insufficient data
to provide explicit guidance for the follow up of polyps
removed using specific treatments such as piecemeal
[11]
endoscopic resection . Current surveillance guidelines
do not incorporate the impact of multiple high-risk
features such as the risk of a large AA/TSA/ASSA being
more recalcitrant or at higher risk for progressing to
cancer if present in the right versus left side of the colon
or the age of the patient. Current USPSTF guidelines
recommend 3-year surveillance interval following
polypectomy of adenoma with high-grade dysplasia
[11,43]
but does not account for other features
. European
guidelines stratify intermediate risk polyps as having a
lower risk than EU guideline high risk polyps ≥ 20 mm,
and recommend surveillance at 1 year for high risk
polyps. Our findings that post-polypectomy CRC was
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significantly associated with high, but not intermediate
risk polyps as classified by EU guidelines supports the
need for a one year surveillance colonoscopy for these
larger polyps currently not addressed in the USPSTF
recommendations. Developing a risk score to optimize
risk stratifications of patients with AA/TSA/ASSA might
result in better discrimination between low- and highrisk patients. A recent study developed a scoring system
based on older age, male sex, adenoma number, size ≥
10 mm, villous histology, and proximal location at index
colonoscopy; which were found to be independent
predictors for detecting AA/TSA/ASSA, but not cancer,
[44]
at surveillance endoscopy . Having additional
tools to risk stratify polyps will assist with making
recommendations for surveillance, could identify tissue
or molecular features that might be used to improve
visualization of polyps, and stratify the risks that a polyp
might recur or progress to cancer.
To our knowledge, this is the first study to determine
risk factors for incident CRC at the same site or at
another site in the colon following polypectomy of
advanced lesions. Current guidelines are still limited
in detecting such patients. Our study supports
[45]
Atkin et al’s
study who recently reported that the
incidence of CRC in patients was higher in patients with
suboptimal quality colonoscopy, proximal polyps, large
or high-grade polyps at baseline. Patients with increasing
age and a history of large, multiple, highly dysplastic,
right-sided, and difficult to remove adenomas requiring
piecemeal resection are a high-risk population for the
development of CRC at the same site. Increasing age
and the presence of flat and/or right-sided adenomas
increased the risk of CRC at another site. A diagnosis
of CRC soon after complete colonoscopy may imply the
need for shortened surveillance intervals. Understanding
risk factors for subsequent CRC development and
developing molecular markers predictive of progression
to cancer are important for individualizing surveillance
recommendations following adenoma removal since
colonoscopy is not 100% sensitive tool in the identi
fication or prevention of CRC in this population. In
order to better stratify a polyp’s risk for recurrence and
subsequent CRC will require further research to identify
molecular or other features to guide more individualized
polyp management.

ARTICLE
ARTICLEHIGHLIGHTS
HIGHLIGHTS
Research background

Screening colonoscopy has a 3.5% false negative rate for detection of
colorectal cancer (CRC) resulting in 17% of patients who had undergone colon
screening within 3 years being diagnosed with CRC. However, no large studies
have assessed the frequency and risk factors for CRC development among
individuals following advanced adenoma (AA)/traditional serrated adenoma
(TSA)/advanced sessile serrated adenoma (ASSA) removal. Recognition of this
group at high-risk for interval CRC is one step toward preventing morbidity and
mortality associated with CRC development.

Research motivation

Recognition that CRC could develop following AA/TSA/ASSA removal despite
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adherence to guidelines is one step toward improving our practice efficiency
and preventing a portion of CRC related morbidity and mortality. Understanding
risk factors and developing molecular markers that predict progression may
become important in order to individualize surveillance recommendations and
recognize those AA/TSA/ASSA patients at high-risk for interval CRC.

Patients with increasing age and a history of large, multiple, highly dysplastic,
right-sided, and difficult to remove adenomas requiring piecemeal resection are
a high-risk population for the development of CRC at the same site. Increasing
age and the presence of flat and/or right-sided adenomas increased the risk of
CRC at another site. Colonoscopy is not 100% sensitive tool in the identification
or prevention of CRC. Shortened surveillance intervals may be needed postpolypectomy in some patients with multiple high-risk features.

Research objectives

To report the frequency of interval CRC development following high-risk
polypectomy at the polypectomy site and another site distinct from polypectomy
site and to identify risk factors associated with development of cancer. Realizing
these objective is critical for future research since current evidence-based
surveillance guidelines are limited in predicting CRC risk in these patients.

Research perspectives

Interval CRC cancer rate after high-risk polyp resection is low yet CRC does
develop in spite of post-polypectomy surveillance. We require further research
to identify molecular or other features to guide more individualized polyp
management. Study molecular features of patients who developed CRC at the
polypectomy site despite following appropriate surveillance intervals

Research methods

We reviewed medical records of all adult patients ( ≥ 18 years of age) who
underwent colonoscopy (between January 1990 to December 2010 ) and were
found to have high-risk polyps ( either AA between January 1990 to December
2010 or ASSA/TSA between January 2000 to December 2010 ) to identify 4160
patients who had at least one follow-up surveillance colonoscopy following
polypectomy. We excluded patients with IBD, polyposis syndromes or other
genetic syndromes predisposing for CRC. Patients with a past history of CRC
were not excluded from our study. From this cohort, we identified 84 patients
who had developed CRC and matched to 252 patients who had not developed
CRC based on polyp histology and size (< or ≥ 20 mm), degree of dysplasia
and decade that the index polyp was removed. Data abstracted included clinical
and pathological features of high-risk polyps, number and timing of surveillance
colonoscopies and post polypectomy CRC.
The data are reported as mean (± SD), median (interquartile range, IQR),
ranges, and categorical variables by counts and percentages as appropriate.
Estimates of the rate of cancer for the entire cohort were determined by using
the Kaplan-Meier survival curve with log-rank test. We performed univariate
time-to-event analysis with Cox proportional regression models to identify risk
factors associated with development of cancer. Variables with p < 0.05 on
univariate analysis were included in a multivariate Cox proportional hazard
analysis to identify independent risk factors associated with malignancy. Finally,
penalized regression models were run using Lasso regression, with 10-fold
cross validation, to provide robust estimates of the model coefficients, which
should provide better predictions when used with external data. All statistical
analyses were conducted using JMP version 10 for Windows (SAS Institute
Inc., Cary, NC, United States), SAS (version 9) or R (version 3.2.3).
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Abstract

Chen YC, Li CY, Tsai SJ, Chen YC. Nationwide cohort study
suggests that nucleos(t)ide analogue therapy decreases dialysis
risk in Taiwanese chronic kidney disease patients acquiring
hepatitis B virus infection. World J Gastroenterol 2018;
24(8): 917-928 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i8/917.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i8.917

AIM
To investigate the risk of end-stage renal disease (ESRD)
in hepatitis B virus (HBV)-infected patients with chronic
kidney disease (CKD) with and without nucleos(t)ide
analogue (NA) therapy.
METHODS
This nationwide cohort study included 103444 Tai
wanese CKD adults without hepatitis C virus infection
from the Taiwan Longitudinal Health Insurance Database
2005 between 1997 and 2012. We identified 2916 CKD
patients who acquired HBV infection and did not receive
NAs (untreated cohort), and they were propensitymatched 1:4 with 11664 uninfected counterparts. We
also identified 442 CKD patients who acquired HBV
infection and received NAs (treated cohort), and they
were propensity-matched 1:3 with 1326 untreated
counterparts. The association between HBV infection,
NA use, and ESRD was analyzed using competing risk
analysis.

INTRODUCTION
Hepatitis B virus (HBV) infection, chronic kidney disease
(CKD), and end-stage renal disease (ESRD) are global
health challenges which impose a major economic
[1,2]
burden . Emerging clinical and experimental evidence
suggests that in addition to liver inflammation and
fibrosis, chronic HBV infection may also play a role in
the initiation and progression of renal injury. Untreated
chronic HBV infection could lead to an annual decline
[3]
in the estimated glomerular filtration rate , and
subsequent development of CKD and ESRD in the
[4,5]
general population, even in the absence of cirrhosis .
Sera of patients with chronic HBV infection, even
those negative for the presence of HBV-DNA, could
induce apoptosis of cultured human renal tubular
[6]
cells . Chronic HBV infection has also been shown to
progress to ESRD in special populations with diabetic
[7]
nephropathy and HBV-related glomerulonephritis
[8]
(HBV-GN) . CKD patients were reported to be at
[1,9,10]
increased risk of acquiring HBV infection
, more
vulnerable to the cytopathic effects of HBV infection,
and prone to becoming chronic carriers. This could be
because of increased exposure of these patients to
blood products, and the immunosuppressive effects
[1,11]
of CKD
. The risk factors for CKD onset in the
general population may differ somewhat from those for
[12]
progression of established CKD . However, there are
presently no cohort studies which have addressed the
incidence of chronic HBV infection among CKD patients
and their renal outcome regardless of etiology.
HBV infection among CKD patients is associated
with higher morbidity and mortality rates, and its
[1,13]
management remains challenging for clinicians
.
Nucleos(t)ide analogue (NA) therapy effectively
suppresses HBV replication by inhibiting HBV poly
merase, and thus decreases the levels of serum
[14]
[15]
HBV-DNA
and delays progression of cirrhosis .
Although NA therapy is recommended for all patients
with chronic HBV infection, regardless of any level of
renal dysfunction, there is limited information on NA
[13]
use in CKD patients . Serum HBV-DNA levels were
shown to have a positive correlation with the degree of
[16]
renal injury , and lamivudine treatment resulted in a
significant reduction in proteinuria, serum HBV-DNA,
[17]
and ESRD risk
in a small number of adult patients
with HBV-GN. However, no randomized clinical trials
have been conducted to date to examine the effect of
NAs on renal outcome among CKD patients regardless
[1]
of etiology . This issue assumes greater importance

RESULTS
Multivariable Cox regression analysis showed a 1.67-fold
higher risk (p < 0.0001) of ESRD in the untreated
cohort (16-year cumulative incidence, 10.1%) than in
the matched uninfected cohort (16-year cumulative
incidence, 6.6%), which was independent of cirrhosis
or diabetes. The treated cohort (16-year cumulative
incidence, 2.2%) had an 87% lower ESRD risk (p <
0.0001) compared with the matched untreated cohort
(16-year cumulative incidence, 11.9%). The number
needed to treat for one fewer ESRD after NA use at 12
years was 12. Multivariable stratified analyses verified
these associations in all subgroups.
CONCLUSION
This study suggests that untreated HBV infection
and NA therapy are associated with increased and
decreased risk of ESRD, respectively, in CKD patients.
Identification of HBV status and targeted monitoring for
ESRD development are important in CKD patients living
in HBV-endemic areas.
Key words: hepatitis B virus; chronic kidney disease;
end-stage renal disease; nucleos(t)ide analogue;
cohort study
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This nationwide retrospective cohort study
used propensity score-matched and competing risk
analyses to evaluate the effect of untreated hepatitis B
virus (HBV) infection and nucleos(t)ide analogue (NA)
therapy on the development of end-stage renal disease
(ESRD) in chronic kidney disease (CKD) patients who
acquired HBV infection. We found that untreated
HBV infection in CKD patients was associated with an
increased risk of ESRD, while NA therapy reduced the
risk.
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115824 patients with a diagnosis of chronic kidney disease (CKD) between January 1, 1997 and December 31, 2012

Exclude 12380 patients because of:
Diagnosis of hepatitis C virus infection (n = 6117)
Age < 18 years (n = 4818)
Diagnosis of hepatitis B virus infection (including NA therapy) before CKD (n = 1407)
NA therapy after end-stage renal disease (n = 23)
Data missing (n = 15)
103444 CKD patients without hepatitis C virus infection

442 HBV-infected CKD
patients ever treated with
NAs after diagnosis of CKD

2916 HBV-infected CKD
patients never treated
with NAs

1:3 match
1768 Propensity score-matched HBV
cohort
442 treated cohort
1326 untreated cohort

100086 CKD patients
without HBV infection

1:4 match
14580 Propensity score-matched CKD
cohort
2916 untreated cohort
11664 uninfected cohort

Figure 1 Flow diagram of the enrollment process. NAs: Nucleos(t)ide analogues; HBV: Hepatitis B virus; CKD: Chronic kidney disease.

because of the rising global burden of CKD, ESRD,
and HBV infection. The high prevalence of these three
diseases in Taiwan makes it a particularly suitable
location to evaluate this relationship. Our nationwide
cohort study analysed reimbursement claims data from
the Taiwan Longitudinal Health Insurance Database
2005 (LHID2005) in order to determine the effect of
chronic HBV infection and NA use on the renal outcome
of CKD patients, and the number needed to treat (NNT)
for one less ESRD development.

subjects enrolled in the NHI program. As all personal
information was anonymous in the LHID2005, no
informed consent was required and this study was
exempt from a full ethical review by the institutional
review board of the Dalin Tzu Chi Hospital (B10302011).

CKD population

The CKD population comprised patients aged > 18
years who received a primary diagnosis of CKD (ICD-9
codes 250.4*, 274.1*, 283.11, 403.*1, 404.*2, 404.*3,
440.1, 442.1, 447.3, 572.4, 580-588, 642.1*, and
[19]
646.2*) between January 1, 1997 and December 31,
2012 and did not have catastrophic illness registration
cards for ESRD (indicating the need for long-term renal
replacement therapy). We excluded subjects who had
claim-based diagnoses of hepatitis C virus infection
(ICD-9 codes 070.41, 070.44, 070.51, 070.54, and
V02.62) between 1997 and 2012, or of HBV infection
(ICD-9 codes 070.22, 070.23, 070.32, 070.33, V02.61)
before CKD enrolment. A total of 103,444 CKD patients
were eligible for analysis (Figure 1). However, the exact
stage of CKD cannot be assessed from the LHID2005.

MATERIALS AND METHODS
Database

This study evaluated data from LHID2005, a subset
of the National Health Insurance Research Database
(NHIRD) which is derived from the Taiwan National
Health Insurance (NHI) program and released by
the National Health Research Institutes for academic
research. The NHI program is a compulsory and
universal program for all residents of Taiwan, had a
coverage rate of more than 99% by the end of 2012,
and adopts ICD-9 codes to define diseases. All insurance
claims are scrutinized by medical reimbursement
specialists and undergo peer review under strict audits
and heavy penalties in the reimbursement process
in order to ensure accuracy of coding. The LHID2005
includes the data of 1 million randomly sampled
[18]
subjects who were NHI beneficiaries in 2005 . There
was no significant difference in age, sex, birth year, or
average insured payroll-related amount between the

WJG|www.wjgnet.com

Study cohorts

Based on HBV infection status and NA use including
[20]
lamivudine, entecavir, telbivudine, and adefovir , the
eligible CKD patients in this study were divided into
three groups: uninfected (n = 100086), untreated (n
= 2916), and treated (n = 442) groups. The incidence
of CKD patients acquiring HBV infection was 3.2%.
The untreated group was defined as the group of CKD
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Table 1 Baseline characteristics and renal outcome of the untreated hepatitis B virus-infected and hepatitis B virus-uninfected
chronic kidney disease patients (n = 103002), 1997-2012
Variable
Sex
Men
Women
Age (yr, mean ± SD)
Comorbidity
Diabetes
Hypertension
Coronary heart disease
Hyperlipidemia
Cirrhosis
Urbanization level
Urban
Suburban
Rural
Enrolee category
1+2
3
4
No. of medical visits
(mean ± SD)
Charlson comorbidity
index score (mean ± SD)
Propensity score (mean ±
SD)
End-stage renal disease
Follow-up year (mean ±
SD)
Total follow-up (personyear)
Event

Overall CKD patients (n = 103002)
Propensity score-matched CKD patients (n = 14580)
Untreated (n = 2916) Uninfected (n = 100086) P value Untreated (n = 2916) Uninfected (n = 11664) P value
< 0.0001
0.45
1713 (58.7)
51592 (51.6)
1713 (58.7)
6762 (58.0)
1203 (41.3)
48494 (48.4)
1203 (41.3)
4902 (42.0)
48.1 ± 14.4
56.3 ± 17.4
< 0.0001
48.1 ± 14.4
47.7 ± 15.9
0.21
749 (25.7)
884 (30.3)
316 (10.8)
695 (23.8)
139 (4.8)

33023 (33.0)
45139 (45.1)
18668 (18.7)
29595 (29.6)
1528 (1.5)

892 (30.6)
1351 (46.3)
673 (23.1)

27951 (27.9)
46163 (46.1)
25972 (26.0)

1122 (38.5)
1278 (43.8)
516 (17.7)
26.1 ± 20.8

29935 (29.9)
47825 (47.8)
22326 (22.3)
29.0 ± 22.8

1.6 ± 1.9

< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
0.0003

749 (25.7)
884 (30.3)
316 (10.8)
695 (23.8)
139 (4.8)

3049 (26.1)
3420 (29.3)
1152 (9.9)
2851 (24.4)
472 (4.1)

892 (30.6)
1351 (46.3)
673 (23.1)

3595 (30.8)
5498 (47.2)
2571 (22.0)

< 0.0001

1122 (38.5)
1278 (43.8)
516 (17.7)
26.1 ± 20.8

4680 (40.1)
4760 (40.8)
2224 (19.1)
25.7 ± 22.5

0.31

1.9 ± 2.3

< 0.0001

1.6 ± 1.9

1.5 ± 2.1

0.06

0.4 ± 0.2

0.3 ± 0.2

< 0.0001

0.4 ± 0.2

0.4 ± 0.2

1.00

8.9 ± 3.9

6.9 ± 4.5

< 0.0001

8.9 ± 3.9

7.4 ± 4.5

< 0.0001

26098

689592

< 0.0001

26098

86780

< 0.0001

197 (6.8)

4076 (4.1)

< 0.0001

197 (6.8)

414 (3.6)

< 0.0001

< 0.0001

0.62
0.29
0.12
0.49
0.08
0.47

0.011

Categorical variables are given as n (%); continuous variable given as mean ± SD. CKD: Chronic kidney disease.

patients who did not receive NA therapy over the course
of the study period, following the acquisition of HBV
infection. The treated group was defined as the group
of CKD patients who received NAs throughout the study
period. Each treated patient was propensity score (PS)matched with three untreated patients. The uninfected
patients, who were PS-matched 4:1 with their untreated
counterparts, comprised CKD patients who never coded
for HBV infection. The PS was estimated by logistic
regression built on baseline variables including age,
sex, comorbidities, urbanization level, enrolee category
(EC), number of medical visits, and the Deyo-Charlson
comorbidity index (CCI) score. The PS-matched HBV
cohort included 1768 CKD patients (442 treated and
1,326 untreated patients). The PS-matched CKD cohort
included 14,580 patients (2,916 untreated and 11,664
uninfected patients).

of death, or the end of 2012, whichever came first.
The diagnosis of ESRD was based on the Catastrophic
Illness Patient Database, a part of the NHIRD. All
Taiwanese patients who develop ESRD and require
long-term dialysis are eligible to apply for catastrophic
illness registration cards from the NHI Administration,
so they have no copayments for healthcare. Censoring
resulting from death during CKD progression was
regarded as informative and was adjusted by using
[21]
competing risk methodology . The adjusted covariates
comprised sociodemographic and comorbidity factors.
The sociodemographic characteristics included age,
sex, urbanization level (urban, suburban, and rural), EC
[EC1 (highest status)] to EC4 (lowest status), number
of medical visits, CCI score, and PS. The comorbidities
(ICD-9 codes] investigated in this study were diabetes
(250), hypertension (401-405), coronary heart disease
(410-414), hyperlipidemia (272-272.4), and cirrhosis
(571.2, 571.5, and 571.6).

Endpoint and covariates

The index date of the treated cohort was defined as the
date of initiation of NA therapy, that of the untreated
cohort was defined as the first occurrence of a HBV
claim during the entry period, and that of the uninfected
cohort was defined as the date of a CKD claim during
the entry period. All CKD patients were followed from
the index date until the date of ESRD diagnosis, date

WJG|www.wjgnet.com

Statistical analysis

We used a modified Kaplan-Meier method and
[22]
Gray’s method
to calculate and compare the
cumulative incidence of ESRD in data with competing
risk, and tested differences in the full time-to-event
distributions between the study cohorts using the log-
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A
12.0

Modified log-rank P < 0.0001
10.0

Untreated

8.0

Cumulative incidence of ESRD
12.0

Modified log-rank
P < 0.0001
Cumulative incidence, %

Cumulative incidence, %

10.0

B

Cumulative incidence of ESRD

6.0
Uninfected

4.0
2.0

Untreated
8.0
6.0
4.0
2.0

0.0

Treated

0.0
0

4

8
Follow-up, year

12

16

1711
40640

619
13670

1
4

Number at risk
Untreated 2916
2471
Uninfected 100086 64455

0
Number at risk
Untreated 2916
Treated
442

4

8
Follow-up, year

12

16

2471
322

1711
205

619
64

1
1

Figure 2 Cumulative incidence of end-stage renal disease after adjustment for competing mortality among (A) propensity score-matched chronic kidney
disease cohort and (B) propensity score-matched hepatitis B virus cohort. ESRD: End-stage renal disease.

Table 2 Baseline characteristics and renal outcome of the treated and untreated hepatitis B virus-infected chronic kidney disease
patients (n = 3358), 1997-2012
Variable
Sex
Men
Women
Age (yr, mean ± SD)
Interval to start nucleos(t)ide
analogue therapy (yr, mean ±
SD)
Nucleos(t)ide analogue
therapy duration (yr, mean ±
SD)
Comorbidity
Diabetes
Hypertension
Coronary heart disease
Hyperlipidemia
Cirrhosis
Urbanization level
Urban
Suburban
Rural
Enrolee category
1+2
3
4
No. of medical visits (mean ±
SD)
Charlson comorbidity index
score (mean ± SD)
Propensity score (mean ± SD)
End-stage renal disease
Follow-up year (mean ± SD)
Total follow-up (person-year)
Event

Overall HBV patients (n = 3358)
Treated (n = 442) Untreated (n = 2916) P value
< 0.0001
319 (72.2)
1713 (58.7)
123 (27.8)
1203 (41.3)
51.0 ± 13.9
48.1 ± 14.4
< 0.0001
1.2 ± 1.9
-

0.8 ± 0.8

-

141 (31.9)
150 (33.9)
59 (13.4)
108 (24.4)
59 (13.4)

749 (25.7)
884 (30.3)
316 (10.8)
695 (23.8)
139 (4.8)

129 (29.2)
199 (45.0)
114 (25.8)

892 (30.6)
1351 (46.3)
673 (23.1)

161 (36.4)
190 (43.0)
91 (20.6)
26.5 ± 18.2

1122 (38.5)
1278 (43.8)
516 (17.7)
26.1 ± 20.8

1.9 ± 2.1

Propensity score-matched HBV patients (n = 1768)
Treated (n = 442) Untreated (n = 1326)
P value
0.76
319 (72.2)
967 (72.9)
123 (27.8)
359 (27.1)
51.0 ± 13.9
51.6 ± 14.7
0.49
1.2 ± 1.9
-

0.8 ± 0.8

-

141 (31.9)
150 (33.9)
59 (13.4)
108 (24.4)
59 (13.4)

424 (32.0)
457 (34.5)
198 (14.9)
334 (25.2)
135 (10.2)

129 (29.2)
199 (45.0)
114 (25.8)

381 (28.7)
615 (46.4)
330 (24.9)

0.75

161 (36.4)
190 (43.0)
91 (20.6)
26.5 ± 18.2

460 (34.7)
606 (45.7)
260 (19.6)
26.3 ± 19.3

0.90

1.6 ± 1.9

< 0.0001

1.9 ± 2.1

1.9 ± 2.2

0.79

1.6 ± 0.7

1.3 ± 0.6

< 0.0001

1.6 ± 0.7

1.5 ± 0.7

0.51

7.6 ± 4.3
3359
5 (1.1)

8.9 ± 3.9
26101
197 (6.8)

< 0.0001
< 0.0001
< 0.0001

7.6 ± 4.3
3359
5 (1.1)

8.5 ± 4.0
22478
108 (8.1)

< 0.0001
< 0.0001
< 0.0001

0.006
0.12
0.12
0.78
< 0.0001
0.45

0.32

0.98
0.84
0.41
0.75
0.07
0.88

0.61

Categorical variables are given as n (%); continuous variable given as mean ± SD. HBV: Hepatitis B virus.

NNT was calculated with the inverse of the absolute
[23]
risk reduction . After ensuring the assumption of

rank test. The NNT represented the number of patients
needed to be treated to yield one fewer ESRD; the
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A
Untreated cohort
n
PY
ESRD
events
Sex
Men
Women
Age (yr)
< 60
≥ 60
Men
< 60 yr
≥ 60 yr
Women
< 60 yr
≥ 60 yr
Diabetes
No
Yes
Hypertension
No
Yes
Coronary heart
disease
No
Yes
Hyperlipidemia
No
Yes
Cirrhosis
No
Yes

Uninfected cohort
n
PY
ESRD
events

Hazard ratio (95% CI)
1
Adjusted
P value

Crude

P value

1713 15002
1203 11098

122
75

6762 47533
4902 39282

257 1.58 (1.27-1.96) < 0.0001 1.68 (1.35-2.08) < 0.0001
157 1.72 (1.31-2.27) 0.0001 1.59 (1.20-2.10) 0.0012

2281 21322
635 4779

148
49

8987 70363
2677 16451

276 1.82 (1.49-2.22) < 0.0001 1.78 (1.45-2.18) < 0.0001
138 1.29 (0.94-1.79)
0.12 1.31 (0.94-1.81)
0.11

1355 12401
358 2602

94
28

5021 37147
1741 10386

173 1.68 (1.31-2.17) < 0.0001 1.78 (1.37-2.30) < 0.0001
84 1.40 (0.91-2.14)
0.12 1.37 (0.89-2.11)
0.15

8921
2177

54
21

3966 33217
936 6065

103 2.00 (1.44-2.78) < 0.0001 1.75 (1.25-2.45)
54 1.14 (0.69-1.88)
0.6
1.20 (0.72-2.00)

2167 20232
749 5868

118
79

8615 67181
3049 19634

222 1.82 (1.46-2.28) < 0.0001 1.82 (1.45-2.28) < 0.0001
192 1.43 (1.10-1.85) 0.0081 1.45 (1.12-1.89) 0.006

2032 19535
884 6566

91
106

8244 66765
3420 20050

183 1.73 (1.35-2.23) < 0.0001 1.76 (1.37-2.27) < 0.0001
231 1.49 (1.18-1.87) 0.0008 1.61 (1.27-2.03) < 0.0001

2600 23477
316 2624

179
18

10512 79766
1152 7049

361 1.74 (1.45-2.08) < 0.0001 1.78 (1.48-2.13) < 0.0001
53 0.99 (0.58-1.69)
0.98 0.97 (0.57-1.65)
0.9

2221 20602
695 5499

150
47

8513 68890
2851 17925

325 1.61 (1.33-1.95) < 0.0001 1.65 (1.36-2.01) < 0.0001
89 1.75 (1.23-2.48) 0.002 1.72 (1.20-2.47) 0.003

2777 25156
139
944

191
6

11192 84543
472 2272

401 1.65 (1.39-1.96) < 0.0001 1.67 (1.40-1.99) < 0.0001
13 1.39 (0.53-3.63)
0.51 1.21 (0.47-3.13)
0.69

926
277

0.001
0.49

0.00 0.50 1.00 1.50 2.00 2.50 3.00
Hazard ratio (95% CI)
Treated cohort
PY ESRD
events

B

n

Sex
Men
Women
Age (yr)
< 60
≥ 60
Men
< 60 yr
≥ 60 yr
Diabetes
No
Yes
Hypertension
No
Yes
Coronary heart
disease
No
Yes
Hyperlipidemia
No
Yes
Cirrhosis
No
Yes

Untreated cohort
n
PY
ESRD
events

Crude

Hazard ratio (95% CI)
1
Adjusted
P value

P value

319 2347
123 1013

5
0

967 8139
359 3101

74
34

0.21 (0.09-0.52)
-

0.0007
-

0.20 (0.08-0.49)
-

328 2650
114 709

4
1

935 8439
391 2800

78
30

0.15 (0.05-0.40)
0.12 (0.02-0.87)

0.0002
0.036

0.12 (0.05-0.34) < 0.0001
0.10 (0.01-0.80)
0.03

246 1928
73 418

4
1

695 6206
272 1933

55
19

0.21 (0.08-0.57)
0.22 (0.03-1.61)

0.002
0.13

0.17 (0.06-0.48)
0.21 (0.03-1.49)

0.0009
0.12

301 2317
141 1042

3
2

902 8156
424 3084

59
49

0.16 (0.05-0.51) < 0.0001 0.15 (0.05-0.47)
0.11 (0.03-0.45) 0.002 0.10 (0.02-0.43)

0.001
0.002

292 2380
150 979

2
3

869 8041
457 3198

50
58

0.12 (0.03-0.50)
0.15 (0.05-0.49)

0.0036
0.0006

383 2983
59 376

4
1

1128 9671
198 1568

94
14

0.13 (0.05-0.34) < 0.0001 0.11 (0.04-0.31) < 0.0001
0.25 (0.03-1.82)
0.17
0.34 (0.04-2.73)
0.31

334 2602
108 757

4
1

992 8637
334 2602

78
30

0.15 (0.06-0.42)
0.10 (0.01-0.75)

383 3031
59 329

4
1

1191 10343
135 896

102
6

0.003
0.001

0.0002
0.025

0.12 (0.03-0.50)
0.12 (0.03-0.40)

0.14 (0.05-0.38)
0.10 (0.01-0.75)

0.0005
-

0.0001
0.024

0.12 (0.05-0.33) < 0.0001 0.11 (0.04-0.29) < 0.0001
0.39 (0.05-3.19)
0.38
0.79 (0.08-8.10)
0.84
0.00 0.20 0.40 0.60 0.80 1.00 1.20
Hazard ratio (95%CI)

Figure 3 Stratified analyses after adjustment for competing mortality in the (A) propensity score-matched chronic kidney disease cohort and (B)
propensity score-matched hepatitis B virus cohort. PY: person-year; ESRD: end-stage renal disease; HBV: Hepatitis B virus; CI: confidence interval. 1Adjusted for
all covariates (age per year, sex, comorbidities, geographic region, urbanization level, enrolee category, number of medical visits, Charlson comorbidity index score,
and propensity score) and competing mortality, minus the covariate on which stratified.
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Table 3 Hazard ratios for end-stage renal disease in the untreated hepatitis B virus-infected and hepatitis B virus-uninfected chronic
kidney disease patients, with adjustment for competing mortality
Overall CKD patients (n = 103002)
1
Crude
Adjusted
HR (95%CI)
P value
HR (95%CI)
P value

Variable

CKD patients
Uninfected
Untreated
Sex (Men/Women)
Age (per year)
Comorbidity (Yes/No)
Diabetes
Hypertension
Coronary heart disease
Hyperlipidemia
Cirrhosis
Urbanization level
Urban
Suburban
Rural
Enrolee category
1+2
3
4

Propensity score-matched CKD patients (n = 14580)
1
Crude
Adjusted
HR (95%CI)
P value
HR (95%CI)
P value

1.00 (Reference)
1.39 (1.20-1.60)
0.94 (0.88-0.99)
1.01 (1.01-1.01)

< 0.0001
0.028
< 0.0001

1.00 (Reference)
1.69 (1.47-1.96)
1.38 (1.25-1.51)
0.96 (0.96-0.97)

< 0.0001
< 0.0001
< 0.0001

1.00 (Reference)
1.64 (1.38-1.94)
1.24 (1.05-1.46)
1.03 (1.02-1.03)

< 0.0001
0.011
< 0.0001

1.00 (Reference)
1.67 (1.40-1.98)
1.65 (1.26-2.16)
0.98 (0.96-0.98)

< 0.0001
0.0003
0.012

2.49 (2.35-2.65)
2.85 (2.67-3.03)
1.26 (1.17-1.35)
1.16 (1.08-1.24)
0.81 (0.62-1.05)

< 0.0001
< 0.0001
< 0.0001
< 0.0001
0.11

1.96 (1.83-2.10)
2.08 (1.88-2.29)
0.86 (0.80-1.05)
1.01 (0.93-1.08)
8.34 (5.72-12.17)

< 0.0001
< 0.0001
0.37
0.90
< 0.0001

2.55 (2.18-2.99)
3.59 (3.06-4.20)
1.25 (0.98-1.60)
1.07 (0.89-1.30)
0.73 (0.46-1.15)

< 0.0001
< 0.0001
0.08
0.48
0.17

1.96 (1.63-2.35)
2.51 (1.95-3.22)
0.93 (0.74-1.15)
0.84 (0.68-1.03)
4.36 (1.56-12.17)

< 0.0001
< 0.0001
0.49
0.09
0.005

1.00 (Reference)
1.01 (0.95-1.08)
1.03 (0.97-1.11)

0.69
0.35

1.00 (Reference)
0.93 (0.87-1.00)
0.84 (0.77-1.03)

0.06
0.07

1.00 (Reference)
1.10 (0.94-1.28)
0.99 (0.82-1.20)

0.26
0.94

1.00 (Reference)
0.99 (0.81-1.19)
0.80 (0.63-1.01)

0.87
0.06

1.00 (Reference)
1.28 (1.21-1.36)
1.26 (1.18-1.35)

< 0.0001
< 0.0001

1.00 (Reference)
1.34 (1.23-1.47)
1.34 (1.21-1.49)

< 0.0001
< 0.0001

1.00 (Reference)
1.36 (1.16-1.60)
1.52 (1.27-1.82)

0.0001
< 0.0001

1.00 (Reference)
1.44 (1.15-1.79)
1.55 (1.21-1.98)

0.001
0.0006

1

Adjusted for all covariates (age per year, sex, comorbidities, urbanization level, enrolee category, number of medical visits, Charlson comorbidity index
score, and propensity score) and competing mortality. CKD: Chronic kidney disease.

Table 4 Hazard ratios for end-stage renal disease in the untreated hepatitis B virus-infected and hepatitis B virus-treated chronic
kidney disease patients, with adjustment for competing mortality
Overall HBV patients (n = 3358)
1
Crude
Adjusted
HR (95%CI)
P value
HR (95%CI)
P value

Variable

HBV cohort
Untreated
Treated
Sex (Men/Women)
Age (per year)
Comorbidity (Yes/No)
Diabetes
Hypertension
Coronary heart disease
Hyperlipidemia
Cirrhosis
Urbanization level
Urban
Suburban
Rural
Enrolee category
1+2
3
4

Propensity score-matched HBV patients (n = 1768)
1
Crude
Adjusted
HR (95%CI)
P value
HR (95%CI)
P value

1.00 (Reference)
0.17 (0.07-0.41)
1.12 (0.84-1.49)
1.02 (1.01-1.02)

< 0.0001
0.43
0.0002

1.00 (Reference)
0.15 (0.06-0.36)
0.91 (0.46-1.79)
1.00 (0.98-1.02)

< 0.0001
0.78
0.86

1.00 (Reference)
0.14 (0.06-0.34)
0.87 (0.58-1.30)
1.01 (1.00-1.02)

< 0.0001
0.49
0.20

1.00 (Reference)
0.13 (0.05-0.31)
0.63 (0.24-1.63)
0.99 (0.96-1.01)

< 0.0001
0.34
0.34

2.01 (1.52-2.67)
3.09 (2.35-4.06)
0.85 (0.53-1.36)
1.12 (0.81-1.54)
0.57 (0.27-1.22)

< 0.0001
< 0.0001
0.49
0.51
0.15

1.92 (1.33-2.77)
3.90 (2.66-5.72)
0.51 (0.31-0.84)
0.84 (0.58-1.20)
0.35 (0.05-2.61)

0.0005
< 0.0001
0.008
0.33
0.30

1.89 (1.31-2.74)
2.59 (1.79-3.74)
0.93 (0.54-1.60)
1.23 (0.81-1.86)
0.53 (0.25-1.14)

0.0007
< 0.0001
0.80
0.33
0.10

1.77 (1.08-2.91)
3.52 (2.09-5.95)
0.59 (0.32-1.09)
0.98 (0.61-1.56)
0.30 (0.03-3.32)

0.024
< 0.0001
0.09
0.91
0.33

1.00 (Reference)
1.18 (0.90-1.56)
1.03 (0.75-1.43)

0.24
0.85

1.00 (Reference)
1.18 (0.85-1.65)
1.09 (0.73-1.64)

0.33
0.68

1.00 (Reference)
1.27 (0.88-1.84)
0.79 (0.50-1.23)

0.20
0.30

1.00 (Reference)
1.06 (0.68-1.64)
0.91 (0.52-1.59)

0.80
0.73

1.00 (Reference)
0.96 (0.73-1.27)
1.57 (1.14-2.16)

0.78
0.006

1.00 (Reference)
1.05 (0.74-1.50)
1.60 (1.06-2.40)

0.78
0.024

1.00 (Reference)
0.79 (0.54-1.14)
1.78 (1.19-2.67)

0.21
0.005

1.00 (Reference)
0.99 (0.60-1.62)
1.89 (1.10-3.26)

0.97
0.022

1

Adjusted for all covariates (age per year, sex, comorbidities, urbanization level, enrolee category, number of medical visits, Charlson comorbidity index
score, and propensity score). HBV: Hepatitis B virus.

proportional hazards, we applied the modified Cox
proportional hazard model with adjustment for all
[24]
covariates and competing risks to determine whether
HBV infection and NA use in CKD patients were
associated with increased and reduced risk of ESRD,
respectively. We also performed stratified analyses to
determine the impact of untreated and treated HBV
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infection on risk of ESRD among PS-matched CKD
patients. All data were analyzed with SAS (version 9.3;
SAS Institute, Inc., Cary, NC, United States) and a twosided P-value less than 0.05 was considered statistically
significant. The statistical methods used in this study
were reviewed by co-authors Chung-Yi Li and ShiangJiun Tsai.
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Table 5 Sensitivity analysis in the propensity-matched chronic kidney disease patients (n = 14580) n (%)
Model 1: CKD patients without diabetes at baseline (n =10782)
Uninfected cohort ( = 8615)
222 (2.58)
1.00 (reference)

Untreated cohort (n = 2167)
118 (5.45)
1.82 (1.45-2.28)

Uninfected cohort (n = 11192)
401 (3.58)
1.00 (reference)

Untreated cohort (n = 2777)
191 (6.88)
1.67 (1.40-1.99)

Uninfected cohort (n = 8327)
218 (2.62)
1.00 (reference)

Untreated cohort (n = 2093)
116 (5.54)
1.81 (1.44-2.27)

No. of ESRD
Adjusted HR (95%CI)1
Model 2: CKD patients without cirrhosis at baseline (n = 13969)
No. of ESRD
Adjusted HR (95%CI)1
Model 3: CKD patients without diabetes and cirrhosis at baseline (n = 10420)
No. of ESRD
Adjusted HR (95%CI)1
1

Adjusted for all covariates (age per year, sex, comorbidities, urbanization level, enrolee category, number of medical visits, Charlson comorbidity index
score, and propensity score) and competing mortality. ESRD: End-stage renal disease; CKD: Chronic kidney disease.

RESULTS

ESRD risk.

Patient characteristics

ESRD risk in treated vs untreated CKD patients

The baseline characteristics of the untreated HBVinfected and HBV-uninfected CKD patients as well as
the treated and untreated HBV-infected CKD patients
are summarized in Tables 1 and 2, respectively.
After matching, there were no significant differences
in baseline covariates between the untreated and
uninfected cohorts, except for EC, as well as between
the treated and untreated cohorts.

After PS matching, 5 (1.1%) treated and 108 (8.1%)
untreated patients developed ESRD during the study
period (p < 0.0001) (Table 2). The treated cohort had
a significantly lower risk of ESRD than the untreated
cohort (0.13; 0.05-0.31; p < 0.0001) (Table 4). As
expected, diabetes (1.77; 1.08-2.91; p = 0.024),
hypertension (3.52; 2.09-5.95; p < 0.0001), and EC4
(1.89; 1.10-3.26; p = 0.022) were associated with a
significant risk of ESRD.

16-year cumulative incidence of ESRD

After PS matching, the 16-year cumulative ESRD
incidence for the untreated and uninfected cohorts was
10.1% (95%CI: 7.5%-13.2%) and 6.6% (95%CI:
4.7%-9.0%), respectively (p < 0.0001) (Figure 2A).
The 16-year cumulative ESRD incidence for the treated
and matched untreated cohorts was 2.2% (95%CI:
0.7%-5.2%) and 11.9% (95%CI: 8.5%-15.9%),
respectively (p < 0.0001) (Figure 2B). The NNT
associated with one fewer ESRD after 4, 8, and 12 years
were 28, 14, and 12, respectively (data not shown).

Stratified analysis

The untreated cohort exhibited an increased risk of
ESRD on all stratified analyses (Figure 3A), except for
those with coronary heart disease. This association
was more pronounced in patients younger than 60
years (1.78; 1.45-2.18; p < 0.0001), men younger
than 60 years (1.78; 1.37-2.30; p < 0.0001), women
younger than 60 years (1.75; 1.25-2.45; p = 0.001),
and patients without coronary heart disease (1.78;
1.48-2.13; p < 0.0001) and cirrhosis (1.67; 1.40-1.99;
p < 0.0001). The treated cohort exhibited a reduced
risk of ESRD on all stratified analyses (Figure 3B). This
association was more pronounced in men younger than
60 years (0.17; 0.06-0.48; p = 0.0009) and patients
without coronary heart disease (0.11; 0.04-0.31; p <
0.0001) and cirrhosis (0.11; 0.04-0.29; p < 0.0001).

ESRD risk in untreated vs uninfected CKD patients

After PS matching, 197 (6.8%) untreated and 414
(3.6%) uninfected patients developed ESRD during
the study period (p < 0.0001) (Table 1). Modified
multivariable Cox regression indicated that ESRD was
independently associated with untreated HBV infection
(adjusted hazard ratio: 1.67; 95%CI: 1.40-1.98;
p < 0.0001), male gender (1.65; 1.26-2.16; p =
0.0003), diabetes (1.96; 1.63-2.35; p < 0.0001), hy
pertension (2.51; 1.95-3.22; p < 0.0001), cirrhosis
(4.36; 1.56-12.17; p = 0.005), EC3 (1.44; 1.15-1.79;
p = 0.001), and EC4 (1.55; 1.21-1.98; p = 0.0006),
and inversely associated with advanced age (0.98;
0.96-0.98; p = 0.012) (Table 3). The robustness
of these data was tested by sensitivity analyses
(Table 5). We excluded diabetic or cirrhotic patients
or both from both cohorts at baseline, indicating a
significantly positive association of untreated HBV with
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DISCUSSION
After employing PS-matching and competing mortality,
this 16-year nationwide cohort study provided three
novel insights. First, the incidence of CKD patients
acquiring HBV infection was 3.2%. Second, the risk
of ESRD was 1.67-fold higher in the untreated cohort
than the uninfected CKD cohort, was independent of
cirrhosis or diabetes, and was reduced by 87% in the
treated cohort compared to the untreated cohort. These
associations were consistent in stratified subgroup
analyses. Third, the NNT in association with one
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patient free of ESRD at 12 years after NA use was 12.
These findings implied that HBV infection may have a
role in the pathogenesis of renal injury, and that HBV
suppression may improve renal outcome among CKD
patients. Given the increased risk of exposure to HBV
in CKD patients, this information has important clinical
implications for the design of surveillance programs that
assess HBV status in CKD patients.
To the best of our knowledge, this is the first study
to investigate the incidence and renal outcome in
CKD patients acquiring chronic HBV infection. This
has long been a neglected issue because there is
[25]
no recommendation in the K/DOQI guidelines
on
whether HBV serological evaluation should be carried
out in CKD patients. The majority (≥ 60%) of CKD
patients acquiring chronic HBV infection are known
to become chronic carriers because of a deficiency in
[1,11]
CD8+ cytotoxic and CD4+ helper T lymphocytes
;
however, the incidence was unknown. Only two
hospital-based studies and one community-based
study reported that the prevalence of HBV infection
[26]
was 10.5% in Turkish patients with CKD stages 4-5 ,
[10]
3.5% in Turkish patients with CKD stages 3-5 , and
[27]
9.9% in Taiwanese patients with CKD stages 1-5 .
Only two case-series studies and one population-based
study from China reported the potential risk of ESRD
in target CKD subpopulations such as patients with
[28]
[8]
primary GN
or HBV-GN , and those with diabetic
[7]
nephropathy . However, these studies did not clarify
the difference between HBV-untreated vs uninfected
CKD patients or perform subgroup analyses. The
present study indicated that untreated chronic HBV
infection was an independent predictor of ESRD risk in
CKD patients, suggesting its role in CKD progression.
Given the fact that there are 50 million new cases of
[29]
HBV diagnosed annually
and the burden of CKD
[1]
continues to increase , it is conceivable that the burden
of ESRD in CKD patients following chronic HBV infection
is increasing.
This is also the first study to evaluate the renal
effect of NA therapy and its NNT for one fewer ESRD
in HBV-infected CKD patients. Previous studies
demonstrated the benefit of NA therapy in reducing
[16,17,30,31]
[16,17,31]
proteinuria
, serum HBV-DNA
, and risk
[17]
of ESRD in HBV-GN patients. However, these studies
followed small numbers of patients for short periods,
did not provide the NNT after NA therapy, and failed to
guide NA therapy in HBV-infected CKD patients. In the
present study, we did not have information on baseline
HBV-DNA or alanine aminotransferase levels. However,
based on the fact that reimbursement for NAs in
Taiwan’s NHI program requires twice-elevated alanine
aminotransferase and higher HBV-DNA levels (> 2000
[20,32]
IU/mL)
, it is reasonable to assume that the treated
cohort had higher baseline HBV-DNA and alanine
aminotransferase levels, or a higher prevalence of liver
decompensation than the untreated cohort to be eligible
for reimbursement. Our present data showed a higher
prevalence of cirrhosis in the treated cohort compared
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to the untreated cohort. Since higher HBV-DNA levels
are associated with a higher risk of renal injury, the
higher baseline HBV-DNA levels in the treated cohort
may have led to a more conservative estimation of
[20,32]
the association of the renoprotective effect of NAs
[33]
and more favorable renal response to NAs . This
may explain why NA treatment for HBV-infected CKD
patients in our study was associated with an 87% lower
risk of ESRD compared to NA-naive HBV-infected CKD
patients in a 16-year follow-up. Moreover, we used a
large nationwide dataset, which afforded considerable
statistical power and allowed long-term tracking of
incident ESRD events.
The exact mechanism of how HBV infection and NA
therapy are associated with increased and decreased
ESRD risk, respectively, is unclear. Our data suggested
that this association can be explained by NA-mediated
HBV suppression and reduction in serum HBV-DNA
[6,16,34]
levels. Previous studies
have addressed the
association between serum HBV-DNA and renal injury.
HBV-DNA was identified in renal tissue from 95.3%
[34]
of HBV-GN patients , and the level of HBV-DNA
correlated well with the duration of proteinuria. The
degree of proteinuria and the extent of pathological
injury, which was defined by the glomerular deposition
of HBV antigens, also correlated well with the level
[16]
of serum HBV-DNA in HBV-GN patients . The same
study also showed that patients with higher levels of
serum HBV-DNA had lower level of serum complement,
suggesting a correlation between serum HBV-DNA
levels and the deposition of immune complexes, and
the existence of a mechanism involving HBV-related
immune complexes formed by passive trapping or in
[35]
situ formation. Du et al demonstrated that high levels
of serum HBV-DNA correlated with the expression of
inflammatory factors in renal biopsy specimens from
HBV-GN patients. Deposition of immune complexes
in the kidney is perceived to play a pivotal role in the
pathogenesis of HBV-related nephropathy. Reducing
the quantity of viral antigens and thereby reducing
immune complexes in the kidney might ameliorate
kidney damage. Other researchers postulated other
mechanisms for HBV-related renal injury. Sera
from adult patients with mild chronic HBV infection,
regardless of the presence of HBV-DNA, induced
apoptosis of cultured human renal tubular cells via upregulation of Fas gene expression, and the induction of
apoptosis correlated well with the level of serum HBV[6]
DNA . Furthermore, sera from patients with chronic
HBV infection also had higher levels of transforming
growth factor-beta, a growth factor implicated in the
development of apoptosis and renal fibrosis. This may
explain why the untreated cohort, a proxy for lower
serum HBV-DNA levels in the present study, had a
higher risk of ESRD compared to the uninfected cohort.
Further research is warranted to better understand the
mechanism.
In the present study, we used many methods to
prevent potential confounders. PS matching was used
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to select comparable controls to imitate a randomized
clinical trial and competing risk analysis was used to
prevent overestimation of nonfatal outcomes in the
[36]
[21]
untreated cohort
and during CKD progression .
Another strength of our study was that it was designed
to reduce selection bias (through the use of a large
nationwide and highly representative sample with
[5,36,37]
random sampling)
; reduce environmental effects
(because of the availability of socioeconomic indicators
[5,36,37]
for all subjects)
; avoid detection bias (because
[5,36,37]
of the universal availability of medical services)
;
and avoid immortal time bias (because the time when
patients received NA was chosen as the entry of
[9,20]
observation)
. In addition, the study population was
well defined and follow-up was complete because our
design relied on the universal coverage of Taiwan’s NHI,
which fully reimbursed NA therapy for HBV infection
and thus minimized disparity in healthcare accessibility
or financial status as a determinant for receiving NA
therapy. Although unmeasured confounders may still
exist, as with any observational study, we believe that
the methodology used in the present study is solid and
robust.
It is important to note the limitations of this study.
First, coding errors are possible in a database. We
could not check the accuracy of NA use in the NHIRD.
However, the information regarding insurance-paid
NAs was accurate because NA prescription was under
strict NHI regulations. Second, some patients may
have used self-paid NAs and may have therefore been
misclassified into the untreated cohort. Some of our
controls may have had sub-clinical HBV infection.
These potential misclassifications may have led to an
underestimation of the association. Third, information
about adverse events of NAs was not available from
the NHIRD. However, NAs are generally well-tolerated,
relatively safe after dosage adjustment, and are the
[13]
best options for HBV-positive CKD patients . Fourth,
the NHIRD lacks information on family history of kidney
diseases, lifestyle, and laboratory data (e.g., levels
of serum HBV DNA and HBV genotype), which may
contribute to ESRD risk. Thus, we could not adjust for
these variables in the PS-matching. Nevertheless, it
has been shown that HBV genotype is not related to
[38]
extrahepatic manifestations
and does not influence
[15]
treatment outcome of NAs . Moreover, we added CCI
scores into the PS analysis and included the CCI score
and PS in the regression analysis to control confounding
[5,36]
in healthcare administrative databases
. This method
had been used in previous NHIRD-based research on
[5,32]
patients with chronic HBV infection
. Finally, the PS
matching cannot fit well in all treated, untreated, and
uninfected groups. The cumulative ESRD incidence
of the PS-matched three cohorts warrants further
prospective research.
In conclusion, this large cohort study provides
evidence that untreated HBV infection and NA therapy
are associated with increased and decreased risk
of ESRD, respectively, in CKD patients. Our data
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suggest that clinicians should consider HBV serological
evaluation in CKD patients, especially in areas of high
HBV endemicity, so that these patients can be closely
monitored for development of ESRD. Further research
is warranted to explore the pathological mechanism
underlying this association.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

The evidence on whether HBV infection affects renal outcome in patients with
chronic kidney disease (CKD) is limited. Here we retrospectively explored the
association between HBV infection with and without nucleos(t)ide analogue use
and the risk of end-stage renal disease (ESRD) in patients with CKD.

Research motivation

There is a significant and increasing burden of CKD, ESRD, and HBV infection
in Taiwan and worldwide. CKD patients have an increased risk of acquiring
chronic HBV infection. However, the effect of HBV infection and nucleos(t)ide
analogue use on the risk of ESRD in CKD patients remains unclear. Taiwan
provides an ideal setting for studying this relationship because it has a high
prevalence of these three conditions.

Research objectives

To investigate the effect of HBV infection with and without nucleos(t)ide
analogue use on the ESRD risk in Taiwanese CKD patients.

Research methods

By analyzing the Taiwan Longitudinal Health Insurance Database 2005, the
authors used propensity score-matched and competing risk analyses to
evaluate the effect of HBV infection with and without nucleos(t)ide analogue
therapy on the development of ESRD in CKD patients. The authors used a
modified Kaplan-Meier method and Gray’s method to calculate and compare
the cumulative incidence of ESRD, and a modified Cox proportional hazard
model in the presence of competing risk and stratified analyses to determine
the ESRD risk between propensity-matched untreated HBV-infected and HBVuninfected CKD patients as well as propensity-matched untreated and treated
HBV-infected CKD patients. The authors also calculated the number of patients
needed to be treated to yield one fewer ESRD.

Research results

In the propensity-matched untreated HBV-infected and HBV-uninfected CKD
patients, the risk of ESRD was significantly higher in the untreated cohort
(16-year cumulative incidence, 10.1%) than in the uninfected cohort (16-year
cumulative incidence, 6.6%) with a significant adjusted hazard ratio of 1.67.
In the propensity-matched HBV-treated and HBV-untreated CKD patients, the
treated cohort (16-year cumulative incidence, 2.2%) had a significantly 87%
reduced ESRD risk compared with the untreated cohort (16-year cumulative
incidence, 11.9%). The number needed to treat for one fewer ESRD after
NA use at 12 years was 12. Multivariable stratified analyses verified these
associations in all subgroups. However, the cumulative ESRD incidence of
the propensity-matched three cohorts warrants further prospective research
because the propensity score matching cannot fit well in all treated, untreated,
and uninfected CKD patients.

Research conclusions

To the best of our knowledge, this is the first study to investigate the incidence
and renal outcome in CKD patients acquiring chronic HBV infection and to
evaluate the renal effect of nucleos(t)ide analogue therapy and the number
needed to treat for one fewer ESRD in HBV-infected CKD patients. This has
long been a neglected issue because there is no recommendation in the
K/DOQI guidelines on whether HBV serological evaluation should be carried
out in CKD patients. This large retrospective cohort study suggests that the
incidence of CKD patients acquiring HBV infection is 3.2% and that untreated
HBV infection and nucleos(t)ide analogue therapy are associated with
increased and decreased risk of ESRD, respectively, in CKD patients. These
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findings imply that HBV infection may have a role in the pathogenesis of renal
injury, and that HBV suppression may improve renal outcome among CKD
patients. Our findings will be helpful in the future CKD prevention care program
that assesses HBV status in CKD patients.
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Research perspectives

Future prospective study is warranted to confirm our findings and better
understand the pathological mechanism underlying this association.
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Abstract
AIM
To compare intravoxel incoherent motion (IVIM)-derived
parameters with conventional diffusion-weighted
imaging (DWI) parameters in predicting the histological
grade of hepatocellular carcinoma (HCC) and to
evaluate the correlation between the parameters and
the histological grades.

Informed consent statement: The patients were not required
to give informed consent for the study because the analysis used
anonymous clinical data that were obtained after each patient
agreed to the MRI examination by written consent.
Conflict-of-interest statement: All the authors declare no
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METHODS
A retrospective study was performed. Sixty-two
patients with surgically confirmed HCCs underwent
diffusion-weighted magnetic resonance imaging with
2
twelve b values (10-1200 s/mm ). The apparent
diffusion coefficient (ADC), pure diffusion coefficient (D),
pseudo-diffusion coefficient (D*), and perfusion fraction
(f ) were calculated by two radiologists. The IVIM and
conventional DWI parameters were compared among
the different grades by using analysis of variance
(ANOVA) and the Kruskal-Wallis test. Receiver operating
characteristic (ROC) analysis was performed to evaluate
the diagnostic efficiency of distinguishing between
low-grade (grade 1, G1) and high-grade (grades 2
and 3, G2 and G3) HCC. The correlation between the
parameters and the histological grades was assessed
by using the Spearman correlation test. Bland-Altman
analysis was used to evaluate the reproducibility of the
two radiologists’ measurements.

and perfusion information simultaneously. The aims of
this study were to compare IVIM-derived parameters
with conventional DWI parameters for predicting the
histological grade of hepatocellular carcinoma (HCC)
and to evaluate the correlation between the parameters
and the histological grades. Sixty-two patients with
surgically confirmed HCC underwent diffusion-weighted
magnetic resonance imaging with twelve b values.
The differences in the ADC and D values among the
groups with G1, G2, and G3 histological grades of
HCC were statistically significant (P < 0.001). The
D* and f values had no significant differences among
the different histological grades of HCC (P > 0.05).
A significant correlation was obtained between the
ADC, D, and D* values and the histological grades (P
< 0.05). The ROC analyses demonstrated that the D
and ADC values had better diagnostic performance in
differentiating low-grade HCC from high-grade HCC.
These results suggested that the IVIM-DWI parameters
might be useful in assessing the differentiation grades
of HCC, which might be helpful in predicting the patient
prognosis.

RESULTS
The differences in the ADC and D values among the
groups with G1, G2, and G3 histological grades of
HCCs were statistically significant (P < 0.001). The D*
and f values had no significant differences among the
different histological grades of HCC (P > 0.05). The
ROC analyses demonstrated that the D and ADC values
had better diagnostic performance in differentiating
the low-grade HCC from the high-grade HCC, with
areas under the curve (AUCs) of 0.909 and 0.843,
respectively, measured by radiologist 1 and of 0.911
and 0.852, respectively, measured by radiologist 2.
The following significant correlations were obtained
between the ADC, D, and D* values and the histological
grades: r = -0.619 (P < 0.001), r = -0.628 (P < 0.001),
and r = -0.299 (P = 0.018), respectively, as measured
by radiologist 1; r = -0.622 (P < 0.001), r = -0.633 (P
< 0.001), and r = -0.303 (P = 0.017), respectively, as
measured by radiologist 2. The intra-class correlation
coefficient (ICC) values between the two observers
were 0.996 for ADC, 0.997 for D, 0.996 for D*, and
0.992 for f values, which indicated excellent interobserver agreement in the measurements between the
two observers.

Zhu SC, Liu YH, Wei Y, Li LL, Dou SW, Sun TY, Shi DP.
Intravoxel incoherent motion diffusion-weighted magnetic
resonance imaging for predicting histological grade of
hepatocellular carcinoma: Comparison with conventional
diffusion-weighted imaging. World J Gastroenterol 2018;
24(8): 929-940 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i8/929.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i8.929

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
primary malignant tumor of the liver, accounting for
[1]
85% or more of cases . It is the fifth most important
cancer worldwide because of its very poor prognosis,
with survival rates of 3% to 5% in the United States
and developing countries. Therefore, it is the third
[2-4]
leading cause of cancer-related death
. The pa
thological grade of a hepatocellular carcinoma is
heavily associated with the prognosis, and it is one of
the independent predictive factors for recurrence and
long-term survival after hepatic curative resection in
[5,6]
patients with HCC . However, it is difficult to define
accurate preoperative grade of HCC using routine
imaging modalities. The ultrasound (US)-guided biopsy
has been used to diagnose HCC, but this approach is
limited due to location and complication risk, such as
bleeding or needle-tract seeding, which suggests that
[7]
it should not be performed in routine clinical practice .
Computed tomography (CT) is usually used to identify
locations and to assess distant metastasis of HCC,
and the performance characteristics of CT also allow
it to be used for HCC diagnosis or staging. In terms
of triphasic dynamic enhanced CT scans and dynamic

CONCLUSION
The IVIM-derived D and ADC values show better
diagnostic performance in differentiating high-grade
HCC from low-grade HCC, and there is a moderate to
good correlation between the ADC and D values and
the histological grades.
Key words: Intravoxel incoherent motion; Diffusionweighted imaging; hepatocellular carcinoma;
Pathological differentiation grade
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Intravoxel incoherent motion (IVIM)-based
diffusion-weighted imaging (DWI) can yield diffusion
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contrast-enhanced magnetic resonance imaging (DCEMRI), the typical imaging feature of an HCC is that the
lesion shows arterial hypervascularity and washes out
in the early or delayed venous phase, which can be
[8]
demonstrated for diagnosis . However, both of these
imaging techniques failed to provide a prediction of the
pathological grade of an HCC.
Diffusion-weighted imaging (DWI) is a noninvasive
approach to sensitively evaluate the small-scale motion
of water molecules at the microscopic level that allows
the diffusion of water to be quantitatively described
by the apparent diffusion coefficient (ADC), which
represents a mean value of diffusion contributed by the
movement of intracellular, extracellular, and vascular
water molecules within an image voxel at different
[9,10]
b values
. In addition, these motions include the
molecular diffusion of water and microcirculation
of the blood in the capillary networks (perfusion).
Several studies have shown that DWI, along with
ADC measurements, is helpful for the detection,
[11]
characterization, and staging of malignant lesions .
However, the ADC value that is derived from DWI
is calculated using the mono-exponential model;
therefore, it is often higher than expected, which is
attributable to the microcirculation of the blood in
[12]
capillaries . The ADC value ignores the effect of the
perfusion fraction in tissue and could be influenced
by microcirculation of the blood in capillaries and
[13]
cannot reflect the true diffusion of water . Thus, it
is limited in that the ADC fails to evaluate the water
molecular diffusion in tissues precisely. In 1986,
some researchers noted the principles of intravoxel
incoherent motion (IVIM) and proposed that the
relationship between signal attenuation in tissues with
increasing b values would estimate the quantitative
parameters that separately reflect tissue diffusivity and
tissue microcapillary perfusion with the IVIM imaging
[14,15]
method
. The IVIM approach uses a bi-exponential
function to describe the DWI data and assumes that the
measured signal attenuation of the DWI scans consists
of a mixture of tissue perfusion and tissue diffusivity
effects. Using the IVIM-based analysis, it is possible to
obtain additional quantitative parameters that describe
water diffusivity, perfusion (pseudodiffusion coefficient),
and the perfusion fraction of tissues, which can also be
[12]
displayed as parametric maps .
Recently, IVIM-DWI has been used to investigate
the correlation between the parameters involved in the
[16-18]
histological grade of HCC
. However, knowledge of
the measurement reproducibility is critical to the level
of confidence that can be ascribed to changes in the
parameters for disease characterization or response
assessment; this technique can also be developed
[19]
as a potential imaging biomarker . Therefore, it is
important to assess the measurement reproducibility of
parameters by different observers. The purpose of our
study was to compare IVIM-derived parameters with
conventional DWI-derived ADC values for determining
the histologic grades of HCC and evaluate the
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correlation between the parameters and the histological
grades.

MATERIALS AND METHODS
Patients

The institutional review board of the Henan Provincial
People’s Hospital approved this study, and written
informed consent was obtained from all the patients.
This study was conducted in accordance with the
Declaration of Helsinki. Between March 2016 and May
2017, 102 consecutive patients suspected of having
HCC underwent liver MR imaging. Among these
patients, 40 were excluded for the following reasons:
(1) the absence of surgery and/or histopathological
examination (n = 14); (2) a history of preoperative
treatment (radiofrequency ablation or transarterial
chemoembolization) before MR imaging (n = 11); (3)
liver lesions that were determined not to be HCC by
pathological tests (n = 7); (4) low image quality (n =
3); and (5) tumors that were smaller than 1 cm (n = 5).
Finally, a total of 62 patients diagnosed with HCC were
included for analysis. The patients comprised 50 men
and 12 women (mean age, 54.31 ± 9.36 years; range,
30-76 years). Forty-nine patients tested positive for
the hepatitis B surface antigen and six for the hepatitis
C virus antibody. The remaining seven patients tested
negative for both antigens. According to Child-Pugh
class, 54 patients had Child-Pugh A5, 6 had Child-Pugh
A6, 2 had Child-Pugh B, and nobody had Child-Pugh C.
All the tumors were histologically classified according
to the major Edmondson-Steiner grade on the final
pathologic reports as follows: grade 1 (n = 14), grade 2 (n
= 24), grade 3 (n = 24), and grade 4 (n = 0).

MR imaging technique

All the patients were instructed to fast for 6-8 h prior
to the MR examination. The studies were carried out
by using a 3.0 T MR system (Discovery MR750, GE
Healthcare, Mi, United States) with an eight-channel
phased-array torsion coil (GE Medical System). The
routine MR imaging was performed using a fast spin
echo (FSE) sequence with respiratory gating. The
axial T1 images were obtained using the following
parameters: repetition time/echo time (TR/TE), 180/2.1
ms; slice thickness, 7.0 mm with a gap of 1.0 mm;
field of view, 38 cm × 34.2 cm; matrix size, 320 × 192;
number of excitations (NEX), 1.00. The fat-saturation
axial T2 images were obtained using the following
parameters: TR/TE, 4000/75.8 ms; slice thickness,
7.0 mm with a gap of 1.0 mm; field of view, 38 cm
× 38 cm; matrix size, 320 × 320; NEX, 2.00. The
coronal T2 images were obtained using the following
parameters: TR/TE, 2625/78.4 ms; slice thickness,
6.0 mm with a gap of 1.0 mm; field of view, 42 cm ×
37.8 cm; matrix size, 352 × 288; NEX, 0.55. The total
scanning time for each of the routine sequences was
approximately 8 min. The IVIM was performed by using
fat-suppressed, echo-planner imaging in the axial plane
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with respiratory gating. The parallel imaging was used,
and the parameters were as follows: TR/TE, 4286/61.2;
slice thickness, 7.0 mm with a gap of 1.0 mm; field of
view, 38 cm × 28.5 cm; matrix size, 128 × 128. Twelve
2
b values ranging from 0 to 1200 s/mm (10, 20, 40, 80,
100, 150, 200, 400, 600, 800, 1000, and 1200) were
used, and the NEX for each b was 6, 4, 2, 2, 2, 1, 1, 2,
4, 6, 6, and 8. The total scanning time for the IVIM was
approximately 10 min.

of each carcinoma, as well as the size and location of
each, without knowing the MR findings. The pathological
differentiation grade of each carcinoma was assessed
according to the Edmondson and Steiner grading
[20]
system .

Statistical analysis

The differences in the ADC and D among the different
grades were analyzed using analysis of variance (ANOVA)
and an LSD t-test, and the data are expressed as mean
± sd. The Kruskal-Wallis non-parametric test and
paired comparisons were used to compare the D* and
f values among the different grades. The quantitative
data are presented as the median (interquartile range).
The Spearman rank analysis was used to compare the
correlation between the parameters and the histological
grades. The correlation coefficient, rho (r), was obtained
to compare the degree of the correlations as follows:
little or no relationship if r ≥ 0 but < 0.25; fair if r ≥
0.25 but < 0.5; moderate to good if r ≥ 0.5 but < 0.75;
and very good to excellent if r ≥ 0.75. In addition,
receiver operating characteristic (ROC) curve analyses
were performed to evaluate the diagnostic performance
of the parameters in distinguishing the low-grade (G1)
and high-grade (G2 and G3) HCC. The areas under the
ROC curves were obtained to compare the diagnostic
capacities in terms of sensitivity, specificity, and
accuracy, which were calculated with the optimal cutoff
values being determined by the point of the largest
Youden index for each parameter. The reproducibility
of the ADCs and the IVIM-derived parameters of
HCC was assessed by determination of the intraclass correlation coefficient (ICC), which reflected the
differences in reliability between the two independent
radiologists. ICC values less than 0.5 were indicative of
poor reliability, values between 0.5 and 0.75 indicated
moderate reliability, values between 0.75 and 0.9
indicated good reliability, and values greater than 0.90
[21]
indicated excellent reliability . Bland-Altman analysis
was used to evaluate the agreement between the interobserver measurements. All statistical analyses were
performed using SPSS19.0 software package (SPSS Inc,
Chicago, IL, United States). A P-value less than 0.05 was
considered to indicate statistical significance.

Image analysis

The data were quantitatively analyzed by using monoexponential and bi-exponential models. The monoexponential model that was used to estimate the ADC
value was calculated from 12 b values and was described
by the following equation: S(b)/S(0) = exp(-b × ADC)
where S(b) represents the signal intensity of diffusion
sensitization at a given b value and S(0) represents
the signal intensity of diffusion sensitization for b = 0
s/mm2. IVIM-derived parameters with all b-value data
on a pixel-by-pixel basis were calculated according to
the following equation[15]: S(b)/S(0) = f exp(-b × D*)
+ (1-f)exp(-b × D) The bi-exponential IVIM model
obtained pure diffusion coefficient (D), pseudo-diffusion
coefficient (D*), and perfusion fraction (f) values. D
was the diffusion coefficient that was representative of
the pure molecular diffusivity, and D* was the perfusion
parameter that was representative of the incoherent
microcirculation (pseudodiffusion). The f value was the
perfusion fraction that was linked to the microcirculation
(pseudodiffusion).
All the images were obtained and transferred to a
workstation (Advantage workstation 4.6; GE Medical
System) and the data analysis was performed by two
independent radiologists (Zhu S and Liu Y with 18 and 5
years of experience in reading MR images, respectively)
who were blinded to the histopathological results. For
each patient, as many of the MR images were selected
for the measurement as possible from three consecutive
slices of the DWI images, which covered the largest
tumor portion, and the regions of interest (ROIs) were
placed on the hepatic solid tumor components; the
freehand ROI was placed to cover as much of the solid
part of the tumor as possible. Exclusion of the areas
of hemorrhage and necrosis was achieved by referring
to the fat-saturation axial T2 images. The shape,
size, and position of the ROIs were the same for each
parameter map. The area of the ROIs ranged from 108
2
2
to 5202 mm (the mean ROI area was 714 mm ). The
parametric values of the ROIs from the three imaging
sections were averaged.

RESULTS
Comparison of the IVIM-DWI and conventional DWI
parameters

Table 1 reports the ADC and IVIM parameters for the
different histological grades of HCC. The ADC value,
determined by both radiologists, of the G1 group was
significantly higher than those of the G2 group and the
G3 group (P < 0.01). For the IVIM parameters, the
D value of the G3 group was significantly lower than
those of the G2 group and the G1 group (P < 0.01).
However, neither D* value nor the f value showed
any statistical significance in distinguishing the three

Pathologic examination

All the surgically resected specimens were subjected
to hematoxylin and eosin staining of the tissue slices
for the pathological evaluation. A pathologist (Sun T,
with 21 years of experience reading histopathological
slices) identified the pathological differentiation grades

WJG|www.wjgnet.com

932

February 28, 2018|Volume 24|Issue 8|

Zhu SC et al . IVIM-derived parameters predict HCC histological grade
Table 1 Intravoxel incoherent motion diffusion-weighted imaging parameters of different pathologic grades of hepatocellular
carcinoma
Parameter

Observer

ADC (× 10-3 mm2/s)1
D (× 10-3 mm2/s)1
D* (× 10-3 mm2/s)2
f (%)2

R1
R2
R1
R2
R1
R2
R1
R2

1 (n = 14)
1.496 ± 0.312
1.503 ± 0.306
1.186 ± 0.214
1.193 ± 0.226
37.400 (43.900)
32.200 (44.600)
27.250 (14.925)
26.550 (20.200)

Edmondson-Steiner grade
2 (n = 24)
1.210 ± 0.186
1.214 ± 0.186
0.910 ± 0.151
0.910 ± 0.148
29.000 (71.700)
28.400 (74.363)
20.675 (11.225)
21.200 (11.725)

P value
3 (n = 24)
1.003 ± 0.247
1.001 ± 0.236
0.775 ± 0.188
0.771 ± 0.187
7.980 (63.590)
7.885 (61.640)
31.300 (12.267)
31.550 (11.325)

< 0.001
< 0.001
< 0.001
< 0.001
0.057
0.054
0.149
0.214

1

Data are mean ± SD, one-way analysis of variance; 2data are median (interquartile range), Kruskal-Wallis Test. A P-value < 0.05 was considered statistically
significant. R1: Radiologist 1; R2: Radiologist 2; ADC: Apparent diffusion coefficient; D: Pure diffusion coefficient; D*: Pseudo-diffusion coefficient; f:
Perfusion fraction.

A

B

C

D

F

E

Figure 1 Magnetic resonance images of a 65-year-old man with an 8-cm surgically verified hepatocellular carcinoma with an Edmondson-Steiner grade
1. A: T2-weighted image; B: Diffusion-weighted image with a b value of 10 s/mm2; C-F: Parametric maps (ADC, D, D*, and f, respectively) calculated from the IVIM
diffusion-weighted imaging data. The tumor (white arrow) demonstrates a slightly high signal intensity on the T2-weighted image and a high signal intensity on the
DWI image. The values of ADC, D, D*, and f for the ROIs of the HCC were 1.550 × 10-3 mm2/s, 1.110 × 10-3 mm2/s, 6.55 × 10-3 mm2/s, and 0.387, respectively, which
indicated an Edmondson-Steiner grade 1 HCC. HCC: Hepatocellular carcinoma; IVIM: Intravoxel incoherent motion; DWI: Diffusion-weighted imaging.
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Table 2 Diagnostic value of intravoxel incoherent motion diffusion-weighted imaging and conventional diffusion-weighted imaging
parameters in differentiating the low-grade group (G1) from the high-grade groups (G2 and G3)
Parameter
ADC
D
D*
f

Observer

AUC (95%CI)

Optimal cutoff value

Youden index

Sensitivity (%)

Specificity (%)

Accuracy (%)

R1
R2
R1
R2
R1
R2
R1
R2

0.843 (0.718, 0.968)
0.852 (0.730, 0.974)
0.909 (0.834, 0.985)
0.911 (0.832, 0.990)
0.632 (0.489, 0.776)
0.636 (0.495, 0.777)
0.523 (0.348, 0.698)
0.518 (0.332, 0.704)

1.285
1.275
0.962
0.977
17.75
17.90
0.216
0.246

0.619
0.649
0.741
0.804
0.378
0.378
0.182
0.173

78.6(11/14)
85.7(12/14)
92.9(13/14)
92.9(13/14)
85.7(12/14)
85.7(12/14)
78.6(11/14)
71.4(10/14)

83.3(40/48)
79.2(38/48)
81.3(39/48)
87.5(42/48)
52.1(25/48)
52.1(25/48)
39.6(19/48)
45.8(22/48)

82.3(51/62)
80.6(50/62)
83.9(52/62)
88.7(55/62)
59.7(37/62)
59.7(37/62)
48.4(30/62)
51.6(32/62)

R1: Radiologist 1; R2: Radiologist 2; ADC: Apparent diffusion coefficient; D: Pure diffusion coefficient; D*: Pseudo-diffusion coefficient; f: Perfusion fraction.
ADC, D, and D* are in units of × 10-3 mm2/s; f is in units of 100%; 95%CI: 95% confidence intervals.

A

B

C

D

E

F

Figure 2 Magnetic resonance images of a 47-year-old man with a 10-cm surgically verified hepatocellular carcinoma of with an Edmondson-Steiner grade
2. A: T2-weighted image; B: Diffusion-weighted image with a b value of 10 s/mm2; C-F: Parametric maps (ADC, D, D*, and f, respectively) calculated from the IVIM
diffusion-weighted imaging data. The tumor (white arrow) demonstrates a slightly high signal intensity on the T2-weighted image and a high signal intensity on the
DWI image. The values of the ADC, D, D*, and f for the ROIs of the HCC were 1.310 × 10-3 mm2/s, 0.885 × 10-3 mm2/s, 27.8 × 10-3 mm2/s, and 0.450, respectively,
which indicated an Edmondson-Steiner grade 2 HCC. HCC: Hepatocellular carcinoma; IVIM: Intravoxel incoherent motion; DWI: Diffusion-weighted imaging.

groups (P > 0.05). Figures 1-3 show representative
grades 1-3 HCC, respectively. Figure 4 reports the
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quantitative comparison of the differences in the IVIM
and DWI parameters among the three groups.
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Table 3 Apparent diffusion coefficient and intravoxel incoherent motion derived parameters: Spearman correlation coefficients of
the parameters with the histopathological grades
Spearman correlation
R1

Grade

R2

Grade

Correlation coefficient
P-value
Correlation coefficient
P-value

ADC

D

D*

f

-0.619
< 0.001
-0.622
< 0.001

-0.628
< 0.001
-0.633
< 0.001

-0.299
0.018
-0.303
0.017

0.130
0.313
0.121
0.349

P-value < 0.05 was considered statistically significant. ADC: Apparent diffusion coefficient; D: Pure diffusion coefficient; D*: Pseudo-diffusion coefficient; f:
Perfusion fraction.

A

B

C

D

E

F

Figure 3 Magnetic resonance images of a 43-year-old woman with a 5-cm surgically verified hepatocellular carcinoma with an Edmondson-Steiner grade
3. A: T2-weighted image, B: Diffusion-weighted image with a b value of 10 s/mm2; C-F: Parametric maps (ADC, D, D*, and f, respectively) calculated from the IVIM
diffusion-weighted imaging data. The tumor (white arrow) demonstrates a slightly high signal intensity on the T2-weighted image and a high signal intensity on the
DWI image. The values of the ADC, D, D*, and f for the ROIs of the HCC were 1.060 × 10-3 mm2/s, 0.659 × 10-3 mm2/s, 12.1 × 10-3 mm2/s, and 0.109, respectively,
which indicated an Edmondson-Steiner grade 3 HCC. HCC: Hepatocellular carcinomas; IVIM: Intravoxel incoherent motion; DWI: Diffusion-weighted imaging.

ROC analysis for diagnostic performance of the IVIMDWI and conventional DWI parameters

and G3) are shown in Figure 5. The D showed the
largest area under the curve (AUC) of 0.909 (95%CI:
0.834-0.985) obtained by radiologist 1 and 0.911
(95%CI: 0.832-0.990) obtained by radiologist 2. The

The ROC curves obtained for differentiating the lowgrade group (G1) from the high-grade groups (G2
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Figure 4 Column and scatter plot diagrams reporting the quantitative comparison of the differences in the intravoxel incoherent motion and conventional
diffusion-weighted imaging parameters among the three groups of hepatocellular carcinoma. A-D: Quantitative comparison of the differences among the
three groups in the ADC, D, D*, and f values, respectively, by radiologist 1; E and F: Quantitative comparison of the differences among the three groups in the ADC,
D, D*, and f values, respectively, by radiologist 2. The differences in the ADC and D values among the different grades were statistically significant (P < 0.001); the
differences between the G1 and G2, G1 and G3, and G2 and G3 were all statistically significant (P < 0.05). No statistical significance was found for the D* or the f
values (P > 0.05). ADC, D, and D* are in units of mm2/s; f is in unit of 100%. 1Mean with SD; 2median with interquartile range. R1: Radiologist 1; R2: Radiologist 2;
HCC: Hepatocellular carcinomas; IVIM: Intravoxel incoherent motion; DWI: Diffusion-weighted imaging, ADC: Apparent diffusion coefficient.

Correlation of IVIM-DWI and conventional DWI
parameters with the histopathological results

comparisons of the ROC curves of D, ADC, D*, and f
values for discriminating the low-grade group from the
high-grade groups demonstrated that the D and ADC
values had similar diagnostic efficacy (AUC: 0.909 vs
0.843, respectively, Z = 1.027, P = 0.3043, measured
by radiologist 1; 0.911 vs 0.852, respectively, Z = 0.856,
P = 0.3920, measured by radiologist 2), while the D*
and f values had lower diagnostic efficiency (AUC:
0.632 and 0.523, measured by radiologist 1; 0.636
and 0.518, measured by radiologist 2). No statistically
significant differences were observed in the AUC values
between the D* and the f (Z = 0.734, P = 0.4631,
measured by radiologist 1; Z = 1.625, P = 0.1041,
measured by radiologist 2) values. Table 2 shows the
sensitivity, specificity, and accuracy of the IVIM-DWI
and conventional DWI parameters at the optimal cutoff
values of differentiating the low-grade group from the
high-grade groups.
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Table 3 reports the correlation coefficients between
the parameters and the histopathological grades.
For radiologist 1, the Spearman correlation analysis
demonstrated that there was a moderate to good
relationship between the pathologically differentiated
grade and the ADC (r = -0.619, P < 0.001), as well
as the D (r = -0.628, P < 0.001) and D*, which
demonstrated a fair relationship with the pathologically
differentiated grade (r = -0.299, P = 0.018), but no
statistical significance was obtained regarding the
correlation between the pathologic grade and the f
value (r = 0.130, P = 0.313). Moreover, the correlation
coefficients for the ADC (r = -0.622, P < 0.001), D (r =
-0.633, P < 0.001) and D* (r = -0.303, P = 0.017) that
were obtained by radiologist 2 were also correlated with
the pathologically differentiated grade, and the f value (r
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Figure 5 Graphs showing that receiver operating characteristic curves of the intravoxel incoherent motion- diffusion-weighted imaging and conventional
diffusion-weighted imaging parameters of hepatocellular carcinoma for differentiating the low-grade group from the high-grade groups, as measured by
the two radiologists. A: ROC curves of the parameters of HCC by radiologist 1; B: ROC curves of the parameters of HCC by radiologist 2. The area under curve (AUC)
for D was the largest of all the parameters obtained by the two radiologists. R1: Radiologist 1; R2: Radiologist 2; HCC: Hepatocellular carcinomas; IVIM: Intravoxel
incoherent motion; DWI: Diffusion-weighted imaging, ADC: Apparent diffusion coefficient; D: Pure diffusion coefficient; D*: Pseudo-diffusion coefficient; f: Perfusion
fraction.
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Figure 6 Bland-Altman plots showing the distribution of the differences of the intravoxel incoherent motion diffusion-weighted imaging and conventional
diffusion-weighted imaging parameters between the two radiologists. A-D: The distribution of the differences of the ADC, D, D*, and f values, respectively. The
differences between measurements by the two radiologists regarding the parameters were relatively small. ±1.95 SD indicates 95% limits of agreement, mean, and
mean difference, ADC: Apparent diffusion coefficient.

= 0.121, P = 0.349) showed no statistical significance.

agreement between the two observers for all the
parameters. Figure 6 shows the reliability of the
inter-observer measurements in the IVIM and ADC
parameters, as assessed by the Bland-Altman analysis.

Inter-observer reproducibility

The ICCs between the two observers were 0.996
(95%CI: 0.994-0.998) for ADC, 0.997 (95%CI:
0.996-0.998) for D, 0.996 (95%CI: 0.996-0.998) for
D*, and 0.992 (95%CI: 0.987-0.995) for the f value.
The results suggested that there was an excellent
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DISCUSSION
IVIM-based DWI is a functional and non-contrast-
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enhanced MR imaging technique that can obtain
diffusion and perfusion information simultaneously.
IVIM-DWI has become an evaluation model of
tumor microenvironment, showing changes in the
microstructure of tissues and of microcirculation. IVIMDWI may allow cancer to be evaluated more precisely,
and it has been used as a diagnostic tool for several
organs, including the pancreas, kidney, brain, breast,
[22-27]
and liver
. Recent studies have indicated that
accurate differentiation of HCC with different pathological
grades is an important issue that should be considered
in the planning of treatment strategies and prognostic
[28,29]
evaluations
. Thus, an effective method is needed to
evaluate the tumor cell differentiation grade and predict
the prognosis.
In this study, both the ADC and D values showed
statistically significant differences among the different
grades. As the pathological grade increased, the numeric
value gradually decreased; the values of the G3 group
were lower than those of the G2 and G1 groups. Water
mobility is restricted in malignant tissue due to an
increase in the cellular density and a decrease in the
interstitial space. These results regarding HCC may be
attributable to the increased cellular density, nuclearto-cytoplasmic ratios, and architectural complications
when comparing the G3 and G2 groups to the G1 group,
[30]
which resulted in the decreased ADC and D values .
[16]
Sungmin Woo et al
demonstrated that ADC and D
values are both significantly lower in high-grade HCC
than in low-grade HCC, which is consistent with the
current findings. Previous studies in tumors elsewhere
[31,32]
in the body also showed similar results
. The other
IVIM-derived parameters, including the D* and f values,
were not statistically significant in differentiating the
G1, G2, and G3 groups. The D* and f values are the
perfusion parameters, which could be used to reflect
the vascularity of the tissue. According to the IVIM
theory, D* is defined as the average blood velocity and
the mean capillary segment length, and f measures
[15]
the fractional blood volume of the microcirculation .
Therefore, the results of the D* and f values may be
related to the location of the lesion and the feeding
artery. Furthermore, previous studies have reported
that the D* and f values are not accurate in the
assessment of the tumor differentiation grades because
of their intrinsic instability, poor reproducibility, and
[33,34]
lower diagnostic efficiency
. Nevertheless, Vincenza
[18]
Granata et al
demonstrated that the f values were
significantly different in the HCC groups with G1, G2,
and G3 histological grades, and a significant correlation
was reported between the f value and the histologic
grade, which is in disagreement with our results. Thus,
the relationship between perfusion parameters and the
histological grade remains controversial.
In the present study, the IVIM-derived D and
ADC values showed significantly better diagnostic per
formance than the D* and f values in differentiating
low-grade from high-grade HCC, according to the
ROC analysis. The AUC values for the D and ADC in
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differentiating the histologic grades of HCC were not
significantly different (AUC: 0.909 vs 0.843, respectively,
Z = 1.027, P = 0.3043, by radiologist 1; 0.911 vs 0.852,
respectively, Z = 0.856, P = 0.3920, by radiologist 2).
Because the higher the b-value is, the more sensitive
[9]
the sequence is to diffusion effects , the perfusion
effect could be avoided if the mono-exponential fit
2
was performed using high b values (> 200 s/mm );
perfusion may have a small contribution to the ADC
value, which leads to the similar results found in the D
[25]
and ADC values . And, the results were comparable
[25]
to the values reported in the literature . However, in
our study, the D value showed greater AUC, sensitivity,
and accuracy than the ADC value. In addition, both the
D and ADC values were significantly correlated with
the histological grade of HCC, as well as with the D (r
= -0.628, P < 0.001, measured by radiologist 1; r =
-0.633, P < 0.001, measured by radiologist 2) and ADC
(r = -0.619, P < 0.001, measured by radiologist 1; r =
-0.622, P < 0.001, measured by radiologist 2) values,
which demonstrated a moderate to good correlation
between D and the histological grade, and between ADC
and the histological grade.
Our study had several limitations. First, this study
was retrospective; thus, there may have been potential
bias in the patient selection. Second, the study po
pulation was relatively small, and there were no cases of
Edmondson-Steiner grade 4. Therefore, further studies
with more samples are still needed. Third, the ROIs were
mainly selected on the solid parts of the carcinoma;
meanwhile, we did not obtain histopathologic verification
of the whole tumor. Therefore, we could not examine
the exact histological grade of the “solid” region where
an ROI was placed, which may have led to selection
discordance. Fourth, some of the ROIs were set in
the left liver lobe, which is prone to be influenced by
adjacent organ functions, such as heart and diaphragm
motion or gastrointestinal peristalsis. Finally, further
studies to validate the IVIM perfusion parameters are
essential to be correlated with the DCE-MRI parameters
and reflect the perfusion characteristics of a tumor.
In conclusion, D and ADC values showed better
diagnostic performance in differentiating high-grade
HCC from low-grade HCC than D* and f values, and a
moderate to good correlation was observed between the
ADC and D values and the histological grades.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE
Research background

Hepatocellular carcinoma (HCC) is the most common primary malignant tumor
of the liver. It is the fifth most important cancer worldwide and the third leading
cause of cancer-related death. The pathological grade of HCC is heavily
associated with the prognosis. However, it is difficult to provide a prediction
of accurate preoperative pathological grade of HCC using routine imaging
modalities.
Diffusion-weighted imaging (DWI) is a noninvasive approach to sensitively
evaluate the small-scale motion of water molecules at the microscopic level.
However, it is limited in that the ADC fails to evaluate the water molecular
diffusion in tissues precisely. The IVIM approach uses a bi-exponential function
to describe the DWI data and it is possible to obtain additional quantitative
parameters that describe water diffusivity, perfusion (pseudodiffusion
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coefficient), and the perfusion fraction of tissues. Recently, IVIM-DWI has been
used to investigate the correlation between the parameters involved in the
histologic grade of HCC. This study can determine a new imaging technique
to assess the histological grade of HCC and predict the patient’s prognosis in
clinical practice.

disagreement with previous results, which remains controversial. At the same
time, further studies should investigate the cor relation between the IVIM
perfusion parameters and the DCE-MRI parameters to reflect the perfusion
characteristics of tumor.

Research motivation

DWI-MR imaging can be used as a noninvasive quantitative imaging method in
discriminating different histological grades of HCC. DWI-MR is a noninvasive
approach to sensitively evaluate the small-scale motion of water molecules
at the microscopic level, reflect tumor microenvironment, show changes in
the microcirculation of tissues, and provide the pathology and physiology
information. IVIM-DWI parameters and conventional DWI parameters might
be useful in assessing the differentiation grades of carcinoma, which might
be helpful in predicting the patient prognosis. The study showed that the
perfusion parameters (D* and f) were not statistically significant in differentiating
the histological grades of HCC, and showed significant lower diagnostic
performance in differentiating low-grade (G1) from high-grade (G2 and G3)
HCCs. These results may be related to the location of the lesion and the
feeding artery. IVIM-derived parameters and conventional DWI parameters can
predict the histological grade of HCC and the correlation was observed between
the parameters and the histological grades. The measurement reproducibility
of the parameters was excellent between the two radiologists. The measured
values of the D* and f existed instability in all patients, and the diagnostic value
of the D*and f remains controversial. The IVIM-derived D and ADC values
showed better diagnostic performance in differentiating high-grade HCC from
low-grade HCC, and a moderate to good correlation was observed between
the ADC and D values and the histological grades. IVIM-DWI parameters and
conventional DWI parameter might be useful in evaluating the differentiation
grades of carcinomas before operation, which might be helpful in predicting the
patient prognosis in clinical practice.

Research conclusions

This study investigated the value of the IVIM-derived parameters and
conventional DWI-derived parameters for predicting the histological grade of
HCC, evaluated the diagnostic efficiency of the parameters in distinguishing
the pathological grades of HCC, and assessed the correlation between the
parameters and the histological grades. With the help of the parameters, we
can determine the pathological grade of HCC without the pathological results
of surgery. The pathological grade of HCC is heavily associated with the
prognosis. Therefore, we can assess the pathological grade of HCC and predict
the patient prognosis, simultaneously.

Research objectives

The present study was to compare IVIM-derived parameters with conventional
DWI-derived ADC values for determining the histologic grades of HCC and
evaluated the correlation between the parameters and the histological grades.
The parameters derived from IVIM-DWI and conventional DWI showed
statistical significance in different histologic grades of HCC, and they will have
diagnostic value in differentiating the pathological grades, as the correlation was
observed between the parameters and grades. The results showed that these
parameters are of great significance in the diagnosis of the pathological grades
of HCC. DWI-MR will be a new imaging technique to assess the pathological
grade of an HCC, which might be helpful in predicting the patient prognosis.

Research methods

A retrospective study was performed. Sixty-two patients (50 men and 12
women; mean age, 54.31 ± 9.36 years; range, 30-76 years) with surgically
confirmed HCC underwent diffusion-weighted magnetic resonance imaging with
twelve b values (10-1200 s/mm2). All the tumors were histologically classified
according to the major Edmondson-Steiner grade on the final pathologic reports
as follows: grade 1 (n = 14), grade 2 (n = 24), grade 3 (n = 24), and grade 4
(n = 0). The apparent diffusion coefficient (ADC), pseudo-diffusion coefficient
(D*), pure diffusion coefficient (D), and perfusion fraction (f) were calculated by
two radiologists. The IVIM and conventional DWI parameters were compared
among different grades by using analysis of variance (ANOVA) and the KruskalWallis test. Receiver operating characteristic (ROC) analysis was performed
to evaluate the diagnostic efficiency of distinguishing between low-grade (G1)
and high-grade (G2 and G3) HCC. The correlations between the parameters
and the histological grades were assessed by using the Spearman correlation
test. Bland-Altman analysis was used to evaluate the reproducibility of the two
radiologists’ measurements. The measurement reproducibility between the two
observers shows the reliability of parameters, and it makes sure that the results
for the study objectives are more persuasive, which is the characteristics and
novelty.

Research perspectives

In the MR examination, the total scanning time for the IVIM was related to the
respiratory condition of the patient. The faster the breathing, the shorter the
scanning time. The total scanning time of all the patients is approximately 8-13
min, and the average time is about 10 min. In the process of the measurement,
it should be repeated to ensure the stability and reliability of the parameters.
Further studies to validate the IVIM perfusion parameters are essential
to be correlated with the DCE-MRI parameters and reflect the perfusion
characteristics of tumor. At the same time, the texture information of tumors
can be analyzed, which can reflect the essential characteristics of the mass.
Radiomics is a new research method for tumors. According to the heterogeneity
of tumors, a large number of high dimensional quantitative image features are
extracted from MRI, PET, and CT images and analyzed. By extracting and
analyzing the characteristics of medical images, it can evaluate the diagnosis
and prognosis of patients.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the Institutional Review Board of Xiangya
Hospital, Central South University, Changsha, China.

AIM
To observe gene polymorphisms of TPMT and NUDT15 ,
and compare their predictive value for azathioprine
(AZA)-induced leukopenia in inflammatory bowel
disease (IBD).

Clinical trial registration statement: Registration no. ChiCTROOC-17010617.
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leukopenia. However, the predictive value of TPMT
is controversial in Asians with low mutation rate and
effectiveness. NUDT15 polymorphism has recently
been found to be strongly associated with AZA-induced
leukopenia in Asians but there are few data in Chinese
populations. This study aimed to observe TPMT and
NUDT15 polymorphisms and compare their predictive
value for AZA-induced leukopenia in Chinese IBD
patients.

METHODS
This study enrolled 219 patients diagnosed with IBD in
Xiangya Hospital, Central South University, Changsha,
China from February 2016 to November 2017. Peripheral
blood of all patients was collected to detect their
genotypes of TPMT and NUDT15 by pyrosequencing at
the Department of Clinical Pharmacology, Hunan Key
Laboratory of Pharmacogenetics, Xiangya Hospital.
Eighty patients were treated with AZA according to the
disease condition. During the first month, patients who
received AZA underwent routine blood tests and liver
function tests once a week. The endpoint of the study
was leukopenia induced by AZA. By analyzing patient
characteristics, genotypes and leukopenia induced by
drug use, we found the risk factors associated with
AZA-induced leukopenia.

Wang HH, He Y, Wang HX, Liao CL, Peng Y, Tao LJ, Zhang W,
Yang HX. Comparison of TPMT and NUDT15 polymorphisms
in Chinese patients with inflammatory bowel disease. World J
Gastroenterol 2018; 24(8): 941-948 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v24/i8/941.htm DOI:
http://dx.doi.org/10.3748/wjg.v24.i8.941

RESULTS
There were 219 patients with IBD (160 men and
59 women), including 39 who were confirmed with
ulcerative colitis (UC), 176 with Crohn’s disease (CD)
and 4 with undetermined IBD (UIBD). There were 44
patients (20.1%) with mutant genotype of NUDT15
(C/T); among them, 16 received AZA, and 8 (50%)
developed leukopenia. There were 175 patients (79.7%)
with wild genotype of NUDT15 (C/C); among them, 64
received AZA, and 11 (17.2%) developed leukopenia.
A significant difference was found between NUDT15
C/T and its wild-type C/C (P = 0.004). There were
only 3 patients with TPMT mutant genotype of A/G
(1.4%) who participated in the research, and 1 of
them was treated with AZA and developed leukopenia.
The remaining 216 patients (98.6%) were found to
bear the wild genotype of TPMT (A/A); among them,
79 patients received AZA, and 18 (22.8%) developed
leukopenia, and there was no significant difference
from those with A/G (P = 0.071). The frequency of
TPMT mutation was 1.4%, and NUDT15 mutation rate
was significantly higher and reached 20.1% (P = 0.000).
Therefore, NUDT15 gene polymorphism was obviously
a better biomarker than TPMT gene polymorphism in
the prediction of AZA-induced leukopenia.

INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic
[1]
nonspecific intestinal inflammatory disease . The
pathogenesis of IBD is still unknown but is possibly
related to genetic and environmental factors, as well
as intestinal immune dysfunction. IBD mainly includes
ulcerative colitis (UC), Crohn’s disease (CD) and
st
unclassified IBD (UIBD). During the 21 century, IBD
has become a global disease with accelerating incidence
in the newly industrialized countries, including Asia,
and has caused a huge social and economic burden.
An epidemiological study among the ACCESS countries
showed an incidence of IBD in China of 3.3 cases per
[2]
100000 population, with an increasing trend .
The main goal of IBD treatment is to induce and
[3]
maintain remission and prevent complications .
Treatment strategies of IBD include 5-aminosalicylate
compounds, steroids, immune modulators and biological
agents. Patients with IBD need long-term treatment
to maintain remission due to its lifelong relapsingremitting tendency. Immune modulators, especially
azathioprine (AZA), have played an important role in
maintaining remission. However, the adverse reactions
of AZA, especially leukopenia, seriously limit its clinical
[4]
application . Research on the metabolic enzymes and
adverse reactions of AZA has become popular and
controversial. What is the value of these enzymes? How
do they influence adverse reactions of AZA?
Thiopurine S-methyltransferase (TPMT), an enzyme
of AZA metabolism, has been reported as a risk
predictor for AZA-induced leukopenia in Caucasians.
The United States Food and Drug Administration has
proposed that TPMT status should be assessed before
[5]
[6]
AZA therapy . Researchers have pointed out that AZA
should not be used if TPMT activity is deficient because
of a high risk of AZA-induced leukopenia. AZA should
be used at a lower dose to reduce adverse reactions if
TPMT activity is intermediate. However, AZA-induced
leukopenia still occurs in patients with normal activity of

CONCLUSION
Mutation rate of NUDT15 in Chinese IBD patients is
higher than that of TPMT. NUDT15 polymorphism is a
better predictor for AZA-induced leukopenia than TPMT
polymorphism.
Key words: NUDT15 ; TPMT ; Azathioprine; Leukopenia;
Inflammatory bowel disease; Individualized therapy
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Azathioprine (AZA) plays an important role
in the remission maintenance therapy of inflammatory
bowel disease (IBD). However, serious drug adverse
reactions, especially leukopenia, limit its clinical
application. European consensus has identified
TPMT polymorphism as a predictor of AZA-induced
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TPMT. Moreover, although the mutation rate of TPMT is
lower in Asians (1%-3%) than that in Caucasians (about
10%), the incidence of AZA-induced leukopenia in
Asians (about 35.4%) is higher than that in Caucasians
[7]
(about 5%) . Thus, the predictive value of TPMT
polymorphism for AZA-induced leukopenia is uncertain,
especially among Asian populations.
Recent studies have revealed that NUDT15 poly
morphism is a better predictor for drug adverse
reactions with a higher mutation rate in Asians than
[8]
TPMT . However, little research has been done on the
correlation between NUDT15 polymorphism and AZAinduced leukopenia in Chinese populations. Therefore,
our study aimed to observe the gene polymorphism
frequency distributions of TPMT and NUDT15, and
compare their value in predicting AZA-induced
leukopenia in patients with IBD to help optimize AZA
therapy for IBD.

and PrimerQuest Tool (IDT, San Jose, CA, United
States), respectively. The sequences of the forward,
reverse and sequencing primers for rs116855232
w e r e 5 ’ - G T G G G T T C C T T G G G A A G A A C TA - 3 ’,
5 ’ - AT C C C A C C A G AT G G T T C A G AT C T T- 3 ’ a n d
5’-GCTTTTCTGGGGACTG-3’, respectively. The sequences
of the forward, reverse and sequencing primers for
rs1142345 were 5’-TGGGGAATTGACTGTCTTTTTGA-3’,
5 ’ -T C C AT TA C AT T T T C A G G C T T TA G C - 3 ’ a n d
5’-GACTGTCTTTTTGAAAAGTT-3’, respectively. Conditions
for polymerase chain reaction were 35 cycles of 30 s at
95 ℃ for denaturation, 30 s at 57 ℃ for annealing and
30 s at 72 ℃ for extension.

AZA treatment

Initial dose of AZA was 0.5-1.5 mg/kg daily, based
on the Consensus on Diagnosis and Treatment of
[9]
Inflammatory Bowel Disease (2012, Guangzhou) .
Patients who used AZA underwent routine blood tests
every week during the first month, then every 2 wk for
2 mo, followed by every month, as well as liver function
tests every month. If patients had no adverse reactions,
then AZA dose was increased by 0.5 mg/kg daily every
month to 1.0-2.0 mg/kg/d. If AZA was effective without
adverse reactions, patients should take it for life. If
patients developed leukopenia (white blood cell count
9
9
< 3.5 × 10 /L or neutrophils < 1.5 × 10 /L) and/or
other severe adverse reactions, such as leukopenia,
hepatoxicity, severe gastrointestinal adverse reactions
and/or severe hair loss, the treatment was discontinued.
The workflow of the study is shown in Figure 1.

MATERIALS AND METHODS
Patients

We enrolled 219 patients with IBD (160 men and 59
women), including 39 cases of UC, 176 of CD and 4
of UIBD. All of the patients visited Xiangya Hospital,
Central South University (Changsha, China) from
February 2016 to November 2017. Study inclusion
criteria were: (1) diagnosis and disease activity based
on the Consensus on Diagnosis and Treatment of
[9]
Inflammatory Bowel Disease (2012, Guangzhou) ;
(2) age 16-80 years; and (3) written informed consent
obtained before examination. Exclusion criteria were: (1)
severe cardiac, hepatic and/or renal insufficiency; (2)
mucous biopsy diagnosed as carcinoma or lymphoma;
(3) active tuberculosis; (4) active viral hepatitis with an
obvious increase in transaminase (> 2 times the upper
limit of normal), and/or hepatitis B e antigen(+) with
5
hepatitis B virus DNA > 10 copies/mL or hepatitis B e
4
antibody(+) with hepatitis B virus DNA > 10 copies/
mL; (5) comorbidity such as bacterial or viral infection
that had not been controlled effectively; and (6) acute
abdominal disease, or other surgical indications (such
as complicated fistula and intestinal obstruction caused
by fibrosis).

Ethics

The study was approved by the ethics committee of the
hospital, and written informed consent was obtained
before examination.

Statistical analysis

Data such as baseline characteristics including age,
sex, disease stage, initial dose and duration of AZA
2
were compared using the χ or Student’s t test.
Combined use of other drugs and the frequency
of leukopenia for each genotype were compared
2
by analysis of χ tests. Logistic regression analyses
were also performed to identify the associations of
leukopenia with each genotype and other factors in
multivariate analyses. To study the implication of
different genes (NUDT15 and TPMT) in AZA-mediate
leukopenia, we calculated relative risk (RR), etiological
fraction (EF; if RR > 1) and preventive fraction (PF;
if RR < 1). P < 0.05 was considered significant. All
analyses were performed using SPSS version 18 (SPSS
Inc., Chicago, IL, United States).

Genotyping

Peripheral blood samples (2-3 mL) were obtained
from enrolled patients and total genomic DNA was
extracted from peripheral leukocytes. The variants in
the NUDT15 gene of R139C (c.415C>T, rs116855232)
and the TPMT variants of TPMT*3C (p.Tyr240Cys,
c.719A>G, rs1142345) were genotyped at the
Department of Clinical Pharmacology, Hunan Key
Laboratory of Pharmacogenetics, Xiangya Hospital,
Central South University. Genotyping was performed
using pyrosequencing and the results were validated
by Sanger sequencing. Pyrosequencing and Sanger
sequencing primers were designed with PyroMark
Assay Design software 2.0 (Qiagen, Hilden, Germany)
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Mutation rate of NUDT15 was higher than that of TPMT

A total of 219 patients (UC 39, CD 176 and UIBD 4)
participated in this study and 80 of them received AZA

943

February 28, 2018|Volume 24|Issue 8|

Wang HH et al. Prediction of azathioprine-induced leukopenia in IBD

Included patients with IBD
(n = 219)

DNA samples for detecting genotypes of
TPMT and NUDT15
(n = 219)

Use of AZA with initial dosage 0.5 mg/kg
d-1.5 mg/kg d (n = 80)

Blood routine tests (every week
during the first month)

Adverse reactions

No adverse reactions

Dosage increased

2

1

Discontinued the treatment

Figure 1 Study design. 1Adverse reactions included leukopenia (white blood cell count < 3.5 × 109/L or neutrophils < 1.5 × 109/L), hepatoxicity, severe
gastrointestinal adverse reactions and severe hair loss; 2Drug dose was increased by 0.5 mg/kg daily every month gradually to 1.0-2.0 mg/kg daily. AZA: Azathioprine;
IBD: Inflammatory bowel disease.

disease stage, adverse events and genotype of NUDT15
are summarized in Table 2. Sixty-four patients with
NUDT15 C/C (80.0%) and 16 with C/T (20.0%)
received AZA therapy. There were no significant
differences in the age, sex, disease stage, initial dose of
AZA, duration of AZA and combined treatment between
these two groups. Eight of 16 patients with NUDT15 C/T
developed leukopenia after receiving AZA therapy, while
only 11/64 (11.7%) patients with NUDT15 C/C had
leukopenia; there was a significant difference between
the two groups (P = 0.006) (Figure 3A). Thus, patients
with NUDT15 C/T had a higher risk of AZA-induced
leukopenia than those with NUDT15 C/C.
We also analyzed TPMT gene polymorphism.
Most patients (98.75%) were homozygous for the
wild allele of TPMT (A/A) and 18 (22.8%) developed
leukopenia after using AZA, while only 1 patient
showed heterozygous TPMT (A/G) and then developed
leukopenia, with no significant differences between the
TPMT polymorphism and incidence of leukopenia (P =
0.071) (Figure 3B). Based on these results, we suggest
that TPMT polymorphism does not predict AZA-induced
leukopenia efficiently.

Table 1 Characteristics of patients
UC

CD

UIBD

Total

No. of patients
39 (17.8)
176 (80.4)
4 (1.8)
219
(n)
Age in yr
42.74 ± 13.60 30.51 ± 11.84 45.25 ± 16.62 33.44 ± 13.08
Sex, M/F
27/12
132/44
1/3
161/59
TPMT genotype
A/A
38 (97.4)
174 (98.9)
4 (100)
216 (98.6)
A/Ga
1 (2.6)
2 (1.1)
0
3 (1.4)
NUDT15
genotype
C/C
31 (79.5)
140 (79.5)
4 (100)
175 (79.9)
C/T
8 (20.5)
36 (20.5)
0
44 (20.1)
AZA therapy
3 (7.7)
77 (43.8)
0
80 (36.5)
Data are presented as n (%) or mean ± SD. aP < 0.05 vs NUDT15 C/T. CD:
Crohn’s disease; UC: Ulcerative colitis; UIBD: Undetermined inflammatory
bowel disease, AZA: Azathioprine.

therapy. All patients were checked for their genotypes
of NUDT15 R139C and TPMT *3C. The baseline
characteristics of the patients are summarized in Table
1. More men than women received AZA treatment.
Mutation rate of TPMT (1.4%) was significantly lower
than that of NUDT15 (20.1%) (P = 0.000), which was
in accordance with other studies (Figure 2).

AZA-induced leukopenia negatively correlated with
corticosteroid usage and female sex

Leukopenia was significantly associated with NUDT15
R139C

In the logistic regression analysis with age, sex,
combined drug use, disease stage, TPMT risk allele
counts and NUDT15 risk allele counts, we found that

Patients characteristics, AZA initial dose, AZA duration,
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Table 2 Association analysis of azathioprine and NUDT15 polymorphism
Genotype of NUDT15
No. of patients (gene frequencies)
Age in yr
Sex, M/F
Disease stages
Remission
Mild activity
Moderate activity
Severe activity
Initial dosage of AZA in mg/kg daily
Duration of AZA in mo
Combined with corticosteroids
Combined with IFX
Combined with IFX and corticosteroid
Leukopenia

C/C

C/T

Total

P value

64 (90.0)
33.69 ± 11.31
48/16

16 (10.0)
31.13 ± 12.40
11/5

80
33.18 ± 11.50
59/21

0.429
0.611

6 (9.4)
10 (15.6)
35 (54.7)
13 (20.3)
1.044 ± 0.318
8.1 ± 11.19
28 (43.8)
14 (21.9)
0
11 (17.2)

3 (18.8)
2 (12.5)
5 (31.3)
6 (37.5)
1.241 ± 0.252
9.3 ± 9.95
5 (31.3)
7 (43.8)
1 (6.3)
8 (50.0)a

9 (11.3)
12 (15.0)
40 (50.0)
19 (23.8)
1.082 ± 0.441
8.4 ± 10.90
33 (41.3)
21 (26.3)
1 (1.3)
19 (23.8)

0.253

0.596
0.686
0.071

0.006

Data are presented as n (%) or mean ± SD. aP < 0.05 vs NUDT15 C/C developed leukopenia. AZA: Azathioprine; IFX: Infliximab.

250

[11]

through three main pathways . (1) Steps depending
on hypoxanthine phosphoribosyl transferase, inosine
monophosphate dehydrogenase and GMP synthetase
and eventually transferred into 6-thioguanosine
triphosphate (6-TGTP). 6-TGTP is an effective form of
AZA that is incorporated into double-strand DNA to
inhibit its synthesis and trigger apoptosis, as well as
[12]
causing bone marrow toxicity ; (2) Oxidization by
xanthine oxidase and conversion into 6-thiouric acid, an
inactive product of AZA; and (3) Catalysis by TPMT and
conversion into 6-methylmercaptopurine. These three
pathways are mutually competitive.
Although AZA is cost-effective, adverse reactions
such as leukopenia may lead to severe and lifethreatening infections that result in treatment dis
[13]
continuation. A study by Kakuta et al showed that 34
(25.2%) of 135 Japanese patients with IBD developed
[8]
leukopenia after receiving AZA therapy. Yang et al
found that 346 (35.4%) of 978 Korean patients with
CD developed AZA-induced leukopenia. Consistent
with these results, we found that 19 (23.8%) of 80
Chinese patients with IBD discontinued AZA treatment
due to leukopenia. So, the incidence of AZA-induced
leukopenia is high in Asians and should not be ignored.
Research on AZA has found that TPMT polymorphism
is significantly associated with AZA-induced leukopenia,
and > 40 different variant TPMT alleles (TPMT*2-*41)
[14,15]
have been studied
. Among them, TPMT*3C is the
most popular variant in Asians, but the gene frequency
[16]
[17]
is low (1%-3%) . Gazouli et al
have found no
association between TPMT polymorphisms and the
occurrence of AZA-related adverse events. In our
study, the variation of TPMT (1.4%) was rare and not
significantly associated with AZA-induced leukopenia in
Chinese patients with IBD, which was consistent with
previous reports. Thus, the predictive value of TPMT
polymorphism is controversial in Asians.
NUDT15 also known as MTH2, is a member of
the Nudix hydrolytic enzyme family, which degrades
8-o-dGTP into 8-o-dGMP and prevents DNA from
[18]
mismatch. Carter et al
have revealed that NUDT15

Wild type
Mutant type

200
150
100
a

50
0

TPMT genotype

MUDT15 genotype

Figure 2 Gene polymorphism frequency distributions of TPMT and
NUDT15. aP < 0.05 vs mutant type of TPMT group.

NUDT15 polymorphism was significantly associated
with AZA-induced leukopenia (P = 0.004, OR = 7.663,
95%CI: 1.893-31.023, RR = 2.909, EF = 0.276). In
addition, we found that the incidence of AZA-induced
leukopenia negatively correlated with corticosteroid
usage and female sex (Table 3). Fewer women than
men developed leukopenia after receiving AZA (P
= 0.039, odds ratio (OR) = 0.146, 95% confidence
interval (CI): 0.023-0.909, RR = 0.527, PF = 0.124).
Combination with glucocorticoids reduced the risk of
AZA-induced leukopenia (P = 0.023, OR = 0.201,
95%CI: 0.050-0.798, RR = 0.437, PF = 0.253). We
found that age, disease stage, duration of AZA and
combination with other drugs were not significantly
associated with AZA-induced leukopenia, except for
corticosteroids.

DISCUSSION
AZA is an antimetabolic immunosupressor that plays
a key role in remission maintenance treatment of
IBD. It can be used in patients who are dependent
on corticosteroids or in whom corticosteroids are
ineffective, as well as in those with fistulas or
[10]
operations . AZA is metabolized by multiple enzymes
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Table 3 Multivariate association analyses of azathioprine-induced leukopenia
Factor
Age
Sex, female
Disease stages
Duration of AZA
Combined with corticosteroids
Combined with IFX
Combined with IFX and corticosteroid
TPMT
NUDT15

P value

OR (95%CI)

RR

EF/PF

0.714
0.039
0.509
0.438
0.023
0.339
1.000
1.000
0.004

0.146 (0.023-0.909)
0.201 (0.050-0.798)
7.663 (1.893-31.023)

0.527

0.124
0.253
0.276

0.437
2.909

AZA: Azathioprine; CI: Confidence interval; EF: Etiological fraction; IFX: Infliximab; OR: Odds ratio; PF: Preventive fraction; RR: Relative risk.

A

B

60

70
No leukopenia
Leukopenia

50

No leukopenia
Leukopenia

60
50

40

40
30
30
20

20

10
0

a

NUDT15 C/C

NUDT15 C/T

10
0

TPMT A/A

TPMT A/G

Figure 3 Occurrence of leukopenia with different genotypes of NUDT15 (A) and TPMT (B). aP < 0.05 vs NUDT15 C/C developed leukopenia group.

has a strong effect on dGTP, 6-TGTP and dUTP. It
hydrolyzes 6-TGTP into 6-TGMP, decreases the level
of AZA active metabolites and prevents AZA-induced
[8]
leukopenia. Yang et al have reported that NUDT15
polymorphism is strongly associated with thiopurine[19]
induced early leukopenia in Koreans. Zhu et al
have
found in Chinese patients that NUDT15 has a high
mutation rate (22.5%) that is strongly associated with
the incidence of AZA-induced leukopenia. A study of
[20]
Singapore patients with IBD
has also revealed that
patients with low and intermediate NUDT15 activity
have significantly higher risks of developing AZAinduced leukopenia. We verified the same conclusion
that the incidence of an aberrant NUDT15 was 10.0%
significantly higher than that of TPMT (P = 0.000)
and NUDT15 could be an important pharmacogenetic
marker for predicting AZA-induced leukopenia in a
Chinese cohort (P = 0.004, OR = 7.663, 95%CI:
1.893-31.023, RR = 2.909, EF = 0.276).
This is a prospective study that has a lot of clinical
value. Our results were significant to optimize AZA
therapy for Chinese patients with IBD and helpful to
provide more data in Chinese populations and to further
multicenter large-scale research. Moreover, we are the
first to describe that combined use of corticosteroids is a
negative factor for developing AZA-induced leukopenia.
Patients who received corticosteroids along with

WJG|www.wjgnet.com

AZA treatment, or those with corticosteroid-induced
remission and maintenance by AZA had a lower risk
of developing leukopenia (P = 0.023, OR = 0.201,
95%CI: 0.050-0.798, RR = 0.437, PF = 0.253). This
[22]
may be explained by the function of corticosteroids
in enhancing bone marrow hematopoiesis and pro
moting neutrophil release and increasing the number
of circulating neutrophils, as well as reducing the
infiltration and consumption of neutrophils in the in
flammatory regions.
[13]
In contrast to the study by Kakuta et al , which
showed that sex was not associated with AZA-induced
leukopenia, we found that women were less likely to
develop leukopenia after receiving AZA than men (P =
0.039, OR = 0.146, 95%CI: 0.023-0.909, RR = 0.527,
PF = 0.124). The exact mechanism was unknown. We
supposed that might be related to sex differences in
pharmacokinetics. More specifically, females may have
a lower apparent volume of distributions than males
because of the solubility of the drug so that AZA might
be removed more quickly in females, which reduces the
risk of AZA-induced leukopenia. However, since more
men received AZA treatment than women in our study,
further study is needed to confirm the relationship
between sex and AZA-induced leukopenia.
Our study had a few limitations, including that no
patients with NUDT15(T/T) participated in our study.
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combined use of corticosteroids reduced the risk of AZA-induced leukopenia (P
= 0.023, odds ratio (OR) = 0.201, 95% confidence interval (CI): 0.050-0.798,
relative risk (RR) = 0.437, preventive fraction (PF) = 0.253) and fewer women
than men developed leukopenia after receiving AZA (P = 0.039, OR = 0.146,
95%CI: 0.023-0.909, RR = 0.527, PF = 0.124).

Recent studies have detected additional variants of
NUDT15, except R139C, including Arg139His, Val18Ile
and p.Val18_Val19insGlyVal, and defined six haplotype
[21]
(*1 to *6) combinations of these variants , but we
have not investigated these in the present study. So,
further multicenter studies with larger sample size are
warranted in this area.
In conclusion, the mutation rate of NUDT15 in
Chinese patients with IBD is significantly higher than
that of TPMT. NUDT15 polymorphism is a better predictor
for AZA-induced leukopenia than TPMT polymorphism.
Combined use of corticosteroids is a potential way to
reduce the risk of AZA-induced leukopenia. Males have
a higher risk of developing AZA-induced leukopenia
and need to be more closely monitored than females.
Further research is necessary to verify this relationship
and determine the precise mechanism.

Research conclusions

In Chinese patients with IBD, the mutation rate of NUDT15 is significantly higher
than that of TPMT. NUDT15 polymorphism is more strongly associated with
AZA-induced leukopenia than TPMT is. Detecting NUDT15 genotype before
AZA treatment is more effective at predicting the risk of developing leukopenia
than detecting TPMT genotype. Combined use of corticosteroids is a potential
way to reduce the risk of leukopenia. Males have a higher risk of developing
AZA-induced leukopenia and need to be more closely monitored than females.
Further research is necessary to verify this relationship and determine the
precise mechanism.

Research perspectives

According to our study, NUDT15 polymorphism may predict AZA-induced
leukopenia more effectively than TPMT does. Female sex and corticosteroid
usage were negatively associated with developing AZA-induced leukopenia.
This might be helpful for AZA-induced leukopenia prevention and to optimize
AZA therapy for IBD. While the definite relationship was obscure, more
research about how they affect AZA metabolism should be carried out in the
future. To learn more about the interaction between them, multicenter studies
with larger samples and functional genomics technology may be carried out in
future research.
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Research background

Azathioprine (AZA) plays a key role in remission maintenance therapy of
inflammatory bowel disease (IBD), although it causes serious adverse
reactions, including leukopenia. TPMT polymorphism is a predictor of AZAinduced leukopenia in Caucasians. However, the predictive value of TPMT is
controversial in Asians. NUDT15 polymorphism is a more effective predictor
of AZA-induced leukopenia in Asians, but there are few data in Chinese
populations.
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Abstract
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Synovial sarcoma (SS) is genetically characterized by
chromosomal translocation, which generates SYT-SSX
fusion transcripts. Although SS can occur in any body
part, primary gastric SS is substantially rare. Here we
describe a detection of the fusion gene sequence of
gastric SS in plasma cell-free DNA (cfDNA). A gastric
submucosal tumor was detected in the stomach of a
27-year-old woman and diagnosed as SS. Candidate
intronic primers were designed to detect the intronic
fusion breakpoint and this fusion sequence was
confirmed in intron 10 of SYT and intron 5 of SSX2 by
genomic polymerase chain reaction (PCR) and direct
sequencing. A locked nucleic acid (LNA) probe specific
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to the fusion sequence was designed for detecting the
fusion sequence in plasma and the fusion sequence
was detected in preoperative plasma cfDNA, while not
detected in postoperative plasma cfDNA. This technique
will be useful for monitoring translocation-derived
diseases such as SS.

within intron 10 of the SYT gene and intron 5 of the
[6-8]
SSX gene . The detection of the SYT-SSX fusion gene
generally leads to SS diagnosis.
In this time, we could preoperatively diagnose with
a primary gastric SS patient by reverse transcription
polymerase chain reaction (RT-PCR) of biopsy tissue
samples. Although some primary gastric SS cases
have been reported, their preoperative diagnosis is
rare. Its diagnosis is difficult solely on the basis of
[9-11]
clinical or pathological findings
. Circulating nucleic
acids were recently found to reflect the occurrence of
cancer or monitoring of many diseases. Regarding SS,
the production of the fusion gene SYT-SSX is a highly
disease-specific alteration, and detecting the fusion
gene in the patient’s circulation will represent a lessinvasive diagnostic tool for this disease.
In this study, we report a detection of the fusion
gene sequence in plasma circulating cfDNA.

Key words: Fusion gene; Gastric synovial sarcoma;
Plasma; Cell free DNA
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Synovial sarcoma (SS) is genetically cha
racterized by SYT-SSX fusion transcripts and detection
of the fusion gene is necessary for a definitive
diagnosis. This study demonstrated the detection of
fusion sequence using cfDNA sample. A small gastric SS
was detected in the stomach of a 27-year-old woman.
Candidate intronic primers were designed and the
intronic breakpoint was confirmed by PCR and direct
sequencing in frozen tumor sample. A probe specific
for fusion sequence was designed and the sequence
was detected in preoperative cfDNA and frozen tumor
sample. This technique will be useful for monitoring
translocation-derived diseases such as SS.

CASE REPORT
Materials and methods

Case of primary gastric SS: A gastric ulcerated
submucosal tumor was detected in the lower stomach
of a 27-year-old woman using upper gastrointestinal
endoscopy. Endoscopic ultrasound-guided biopsy was
performed, and a spindle cell sarcoma compatible
with SS was found in biopsy samples. The SYT-SSX2
fusion gene was detected in tissue RNA of biopsy
samples using RT-PCR. Laparoscopic gastrectomy
was performed, and the tumor up to 20 mm diameter
was pathologically diagnosed with SS. This patient
remained disease free during the 6 mo follow-up.
The patient provided informed written consent for
specimen collections and biomarker analyses, and the
research was conducted with the approval of the ethics
committees of the local institution and according to the
Helsinki declaration.

Ogino S, Konishi H, Ichikawa D, Hamada J, Shoda K, Arita T,
Komatsu S, Shiozaki A, Okamoto K, Yamazaki S, Yasukawa S,
Konishi E, Otsuji E. Detection of fusion gene in cell-free DNA
of a gastric synovial sarcoma. World J Gastroenterol 2018;
24(8): 949-956 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i8/949.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.i8.949

INTRODUCTION
Synovial sarcoma (SS), an aggressive soft tissue tumor,
[1]
accounts for 7% of human soft tissue sarcomas .
Although SS frequently arises in large joint capsules
in the extremities of young adults, it can occur in any
body part, including the digestive tract. SS morphology
resembles the developing synovial tissue; however, its
origin remains unknown.
SS is genetically characterized by the reciprocal
chromosomal translocation between X and 18 t (X; 18)
(p11.2; q11.2) chromosomes, which generates SYT[2,3]
SSX fusion transcripts . SYT (GenBank accession
number NC_000018) is normally expressed in human
[4]
tissues , whereas SSX expression is limited to normal
testis and thyroid, and some variants are found in
[4-7]
human malignancies . The SSX family reportedly
comprises nine highly homologous synovial sarcoma X
[5]
genes (SSX1-9) ; however, SSX1 or SSX2 (GenBank
accession number (SSX1) or NC_000023) account for
> 90% of t (X;18) translocations and SSX4 is involved
[7,8]
in few cases . The breakpoints are frequently found

WJG|www.wjgnet.com

Tissue sample collections and tissue DNA and
RNA extractions: Tumor tissues and adjacent normal
gastric tissues were obtained from operatively resected
specimens and stored at -80 ℃ before DNA and RNA
extractions. Total DNA and RNA were extracted from
®
frozen samples using the AllPrep DNA/RNA/miRNA
universal kit (Qiagen, Hilden, Germany) according
to the manufacturer’s instructions. Tissue RNA con
centration was determined using a NanoDrop 1000
Spectrophotometer (Thermo Fisher Scientific, Waltham,
United States), and the tissue DNA concentration was
determined using a Qubit 3.0 fluorometer (Thermo
Fisher Scientific).
Plasma sample collections and plasma DNA
extractions: Seven-milliliter EDTA blood samples
were obtained from the patient at three different times:
before operation, 1 mo after the operation, and 6 mo
after the operation. Blood samples were also obtained
from 10 healthy volunteers. The plasma samples were
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Table 1 Overview of primers and probe sequences for all PCR methods
Primers (5’-3’)
Reverse transcription PCR
SYT-sense
SSX2-antisense
Genomic PCR
SYT1-sense
SYT2-sense
SYT3-sense
SYT4-sense
SYT5-sense
SYT6-sense
SYT7-sense
SYT8-sense
SYT9-sense
SYT10-sense
SYT11-sense
SYT12-sense
SSX2-1-antisense
SSX2-2-antisense
SSX2-3-antisense
SSX2-4-antisense
Real-time PCR
SYT-specific-sense
SSX2-specific-antisense
SYT-SSX2-FAM probe-sense
1

Sequence

Product size (bp)

CCAGCAGAGGCCTTATGGA
GCACAGCTCTTTCCCATCA

118

GTAGTTTGACCGGCTGCAGAA
GGTGGTCTGGTTTGTTCACC
GCAAATGTTTATTGAGCAACCA
GGGAGAAATTAAAAGGGTGGA
CACCTGTGAAACCATCAGCA
TTTTCTTTATGGATTATGCTTTTGG
GCTTACTAGGAGTTTCATTGTAATTG
CAGCCTGATAAACTGTATACC
GATTTGAATGCGTGATCACAAG
GATTGGATTCCAGACATTGTG
GCCACCTTGGAATTTGTTAATG
CTGATGATTGAAGAAACCGAG
ACGGAGAATCAGGGTTCTTTGG
TCAGTCTCCACACTGGCAAC
TCAAGGCAACATCCGACTCC
TGGTTTCCAGGGATAGAATGCT
CCAGCAACAGTAGTTTACTTTCTATC
AAACATAGGGAGGCGACAAA
ATA+CAA+T+C+CA+G+CAG1

106

+ C, +T, + G = LNA base.

Table 2 Results of rt-PCR analysis by the specific probe and primer sets
Types of DNA
Genomic
β-actin

Sample

Ct value 1

Ct value 2

Mean

Normal tissue
Tumor tissue
Tumor tissue

Undetermined
31.94651
28.97511

Undetermined
31.30283
30.95062

Undetermined
31.62467
29.96287

Undetermined: No Ct detection till 40 cycles.

instantly separated from the cellular fraction using a
three-spin protocol (1500 rpm for 30 min, 3000 rpm for
5 min, and 4500 rpm for 5 min) and stored at -80 ℃.
Circulating cell-free DNA (cfDNA) was isolated
from 2 mL of each plasma sample using the QIAamp
Circulating Nucleic Acid kit (Qiagen) according to
the manufacturer’s instructions, and the cfDNA
concentration was determined using the Qubit 3.0
fluorometer.

of AmpliTaq DNA polymerase and 0.2 μmol/L of each
primer (Table 1). PCR was run using the GeneAmp
PCR System 9700 (Thermo Fisher) at the following
conditions: 10 min at 95 ℃, followed by repetitions of
1 min at 95 ℃, 1 min at 53 ℃ (40 cycles), and 1 min
at 72 ℃ and a final extension step of 30 s at 72 ℃. The
accurate length of the PCR products was confirmed
using agarose gel electrophoresis. The images were
obtained using the BLooK LED transilluminator (BIOHELIX, Keelung, Taiwan) and a digital camera.

Protocols for RT-PCR and genomic PCR of tissue
samples: Reverse transcribed reactions were performed
with 400 ng tissue RNA in a 20 μL reaction volume using
the high-capacity cDNA reverse transcription kit (Thermo
Fisher Scientific) according to the manufacturer’s
instructions. The complementary DNA was subjected to
PCR using AmpliTaq DNA polymerase (Thermo Fisher)
and our designed primers (Table 1) with the following
conditions: 10 min at 95 ℃, followed by repetitions of
1 min at 95 ℃, 1 min at 60 ℃, and 30 s at 72 ℃ and a
final extension step of 30 s at 72 ℃.
Genomic PCR was performed with 10 ng genomic
DNA (gDNA) in a 25 μL reaction volume using 1 unit

WJG|www.wjgnet.com

Direct sequencing analysis: The PCR products
obtained were subjected to direct sequencing using
the BigDye Terminator version1.1 Cycle Sequencing
Kit (Thermo Fisher). Samples were run on ABI 3500
genetic analyzer (Applied Biosystems, Foster, United
States).
Detection of SYT-SSX2 fusion gene sequence: To
detect the fusion gene sequence in tissue and plasma
samples, real-time PCR (rt-PCR) was performed in
duplicates with 10 ng tissue DNA or 0.5 ng plasma
cfDNA using the StepOne real-time PCR systems
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A
SYT

exon6

Forward primer

Reverse primer

ATCATGCCCAAGAAGCCAGCAGAGGAAGGAAATGATTC

C
Marker

Tumor tissue

Normal tissue

CCAGCAGAGGCCYYATGGATATGACCAG

B

SSX2

exon10

G

A C C A
G
100

AT

C

A T G

bp

500
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300
200
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SYT

SSX2
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Figure 1 Identification of the SYT-SSX2 fusion transcript. A: Structure of the SYT-SSX2 fusion transcript. Exon 10 of the SYT gene and exon 6 of the SSX2 gene
are fused together in this transcript. The sequencing of exon is shown. Forward and reverse primers were designed in exon 10 of the SYT gene and exon 6 of the
SSX2 gene, respectively; B: The RT-PCR product, including the SYT-SSX2 fusion site, was obtained from tumor tissue samples only. This analysis was performed
more than three times, and a representative result of an electrophoresis is shown; C: The result of direct sequencing of the PCR product is shown. Exon 10 of the SYT
gene is fused to exon 6 of the SSX2 gene.

this primer sets are shown in Table 1. A PCR product
of > 100 base pairs was obtained in tumor tissues only
(Figure 1B), and direct sequencing of this PCR product
confirmed the fusion between exon 10 of the SYT gene
and exon 6 of the SSX2 gene (Figure 1A and C).

(Thermo Fisher). A pair of primers and specific probes
using locked nucleic acid (LNA) bases for detecting
the SYT-SSX2 fusion gene sequence were designed
(Table 1; Integrated DNA Technologies, Coralville,
United States). The whole rt-PCR mixture (10 μL
reaction volume) comprised DNA, Taqman Fast
Advanced Master Mix (Thermo Fisher), RNase-free
water, 0.5 μmol/L of each primer, and 0.25 μmol/L of
probe solution and was performed with the following
conditions: 2 min at 50 ℃ and 20 s at 95 ℃, followed
by repetitions of 1 s at 95 ℃ and 20 s at 60 ℃ (40
cycles).

Detection of the genomic breakpoint: To detect
a genomic breakpoint in intron 10 of the SYT gene
and intron 5 of the SSX2 gene, 12 forward primers in
SYT intron 10 and 3 reverse primers in SSX2 intron
5 were designed at intervals of approximately 1000
base pairs (Figure 2A and Table 1). Genomic PCR
was performed with each forward and reverse primer
using gDNA extracted from tumor and normal tissues.
The smallest PCR product, approximately 500 base
pairs, was detected with the combination of SYT-8 and
SSX2-4 primers in tumor tissues only (Figure 2B). The
direct sequencing of the obtained PCR product showed
a genomic breakpoint within the SYT and SSX2 introns
(Figure 2C).

Statistical analysis: BLAST software (http://www.
ncbi.nlm.nih.gov/BLAST/) was used for sequence
data analysis. The detection levels of the fusion gene
sequence were compared with those obtained using
the ΔΔCt method.

RESULTS

Confirmation of SYT-SSX2 fusion gene occu
rrence in tumor tissues: To confirm the fusion of
the SYT and SSX2 genes, RT-PCR was performed using
total RNA extracted from tumor and adjacent normal
tissues. The primer set was designed in exon 10 of the
SYT gene (SYT-sense) and in exon 6 of the SSX2 gene
(SSX2-antisense) (Figure 1A) for an expected PCR
product size of 118 base pairs. The sequence data of

WJG|www.wjgnet.com

Production of the breakpoint-specific probe: A
breakpoint-specific FAM-labeled LNA probe and primer
sets for rt-PCR analysis were designed to detect the
SYT-SSX2 fusion sequence in DNA samples (Figure 3A
and B, Table 1). Using this specific probe and primer
sets, the SYT-SSX2 fusion sequence was detected in
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Figure 2 Detection of the SYT-SSX2 fusion sequence. A: The intronic primer settings in the SYT and SSX2 genes are shown; B: Genomic PCR products were
obtained from tumor tissue samples only. This analysis was performed more than two times, and a representative result of an electrophoresis is shown; C: The intronic
breakpoint was confirmed by direct sequencing.

10 ng of gDNA extracted from tumor tissues (Ct value;
31.6) (Table 2). Serial dilutions of gDNA extracted
from tumor tissue were analyzed by rt-PCR using this
specific probe and primer sets to confirm the accurate
measurable range. The SYT-SSX2 fusion sequence was
detected proportional to gDNA concentrations from 1
2
to 0.063 ng (range of Ct value, up to 37, R = 0.974, P
= 0.0018) (Figure 4A).

approach is necessary for a definitive diagnosis. In most
cases, this fusion gene or fusion sequence was identified
from total RNA or DNA of tumor tissues by PCR method.
[12]
Many alterations, such as microsatellite alteration ,
[13]
[14]
DNA methylation , and some mutations , in cancer
cells have been recently detected in circulating cfDNA.
Regarding translocation-derived diseases such as SS,
it may also be possible to detect the fusion sequence
in cfDNA. Indeed, Hayashi et al. reported that the
EWS-ETS fusion gene, specific to Ewing sarcoma, was
detected in circulating cfDNA extracted from plasma of
a patient with Ewing sarcoma using long-range PCR and
[15]
digital droplet PCR (ddPCR) .
In this study, we developed a highly specific locked
nucleic acid (LNA) probe and primer sets for the SYTSSX2 fusion gene sequence and detected the sequence
in cfDNA extracted from the plasma of a primary
gastric SS patient. The translocation causes gene
rearrangements in tumor tissues only; therefore, this
probe and primer sets specific to the fusion sequence
are highly unique to identify the intronic breakpoint.
Moreover, the normal PCR method instead of highly
accurate and sensitive methods such as ddPCR could
detect the objective sequence in a small amount of
cfDNA.
[8]
[15]
Nested PCR or long-range PCR techniques were
previously reported for identifying the intronic fusion

Detection of the SYT-SSX2 fusion sequence in
cfDNA: cfDNA extracted from the plasma was verified
by rt-PCR using the specific probe and primer sets.
The fusion sequence was detected in the plasma
sample collected preoperatively from the patient but
not in the plasma sample collected one or six months
postoperatively from the patient or in the plasma
samples of 10 healthy volunteers (Figure 4B). The
Ct value was 35.9 in cfDNA collected preoperatively,
whereas it was undetermined in other cfDNA (Not
detected till 40 cycles) (Figure 4B).

DISCUSSION
Primary gastric SS is a rare disease, and its diagnosis
by clinical or pathological findings is difficult. Detection
of the SYT-SSX fusion gene using a molecular biological

WJG|www.wjgnet.com
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Figure 3 Intronic breakpoint and structure of the fusion sequence with specific probe and primer sets. A: The arrowheads indicate the position and sequence
of the intronic breakpoint of the SYT and SSX2 genes; B: The structure and sequence of the FAM-labeled probe and primer sets specific to the intronic breakpoint of
the SYT-SSX fusion sequence.
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Figure 4 Detection of the fusion gene sequence in cell-free DNA using specific probe and primer sets. A: The range of reproducibility of rt-PCR with the
specific probe and primer sets was confirmed. Diluted serial tumor gDNA of 1-0.063 ng was used. The dotted line indicates an approximate curve (R² = 0.9742, P =
0.0018); B: cfDNA samples of a patient and 10 healthy volunteers were analyzed using rt-PCR. rt-PCR was performed in duplicate, and mean Ct values are indicated.
Standard deviation was calculated from duplicate samples. cfDNA: Cell-free DNA.
[11,18-21]

sequences of translocation-related diseases. While the
detection of SYT-SSX fusions in tumor tissues has been
previously reported, this is the first report regarding the
detection of the fusion sequence in circulating cfDNA.
Since the discovery of circulating tumor cfDNA in
[16,17]
1994
, investigations on cfDNA molecules have been
proven to be useful for diagnosing or monitoring of
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disease states
. In this study, the fusion sequence
could be detected in preoperative circulating cfDNA
only, although the primary lesion was only 20 mm in
diameter and undetectable by preoperative computed
tomography. We expect the detection method of
the SYT-SSX fusion sequence in circulating cfDNA to
become an effective monitoring tool for SS, because >
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90% of SS patients have this reciprocal translocation.
Numerous gene alterations have been recently
identified using advanced technologies such as nextgeneration sequencing, and fusion genes have been
[22]
reported to contribute to tumorgenesis . For example,
recurrent fusions of R-spondin family members RSPO2
and RSPO3, which occur in 10% of colon tumors,
have been reported to be involved in the activation
[23]
of Wnt signaling pathway . NCOA2, a negative
growth regulator repressing Wnt signaling pathway,
was reported to be disrupted by recurrent fusion with
[24]
LACTB2 in colorectal cancer . We believe this method
can be a less-invasive and personalized monitoring
technique with high sensitivity and specificity for
translocation-derived diseases, including some cancers.
This technique has some limitations. Sufficient
amounts of gDNA from tissue samples need to be
obtained to confirm the intronic breakpoint. Frozen
tumor samples may be preferred over formalinfixed tissues to prevent yield decrease because of
fragmentation of DNA samples in the latter tissues.
Furthermore, although we demonstrated the detection
of the fusion sequence in cfDNA of a gastric SS patient,
the sensitivity of rt-PCR using cfDNA obtained from 2
mL plasma was not so high (Ct value, 35.9) because
of a small amount of cfDNA. A more advanced method
to obtain high-quality or large amounts of cfDNA may
be more appropriate for this technique in the future
regarding a stable application. Finally, while the location
of gene fusion is almost same for each disease, the
intronic breakpoint may differ in each patient. Thus,
a specific probe and primer sets should be designed
for each patient per disease. In this regard, if the
amounts of collected plasma RNA or sensitivity of the
rt-PCR method is improved, a specific probe and primer
sets for plasma RNA samples would be more useful
and become a valuable diagnostic tool. Large-scale
studies will be necessary to confirm the sensitivity and
specificity of this method.
In conclusion, we demonstrated the detection of
the SYT-SSX fusion sequence in the plasma circulating
cfDNA of a rare gastric SS patient. In the future,
this method may be useful for translocation-derived
diseases such as SS or for other cancers which contain
translocations.

Imaging diagnosis

Upper gastrointestinal endoscopy and ultrasound endoscopy showed a small
submucosal tumor less than 20 mm in diameter in the stomach.

Pathological diagnosis

Histological examination of the biopsies showed a spindle cell sarcoma
compatible with SS. SYT-SSX2 fusion gene was detected using biopsy samples
by RT-PCR methods.

Treatment

The submucosal tumor was resected by laparosopic and ecdoscopic
cooperative surgery.

Related reports

Previous cases of SS whose intronic breakpoints were confirmed using tumor
samples have been described.

Term explanation

SYT-SSX fusion gene is SS-specific genetic alternation and detection of SYTSSX contributes much to the diagnosis of SS.

Experiences and lessons

In patients with SS and other translocation-related diseases, detection of fusion
genes specific for those diseases is a powerful diagnostic tool and the detection
using liquid sample, such as blood, can be a valuable and less invasive
monitoring tool as well.
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